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PEEFACE  TO  THE  FIFTH  EDITION. 


It  is  now  more  than  three  yean  since  the  appearance  of  the 
last  Edition  of  the  Mamuil  (published  January,  1851).  In  that 
interval  the  sdence  of  GttAagf  has  been  advancing  as  usnsl 
at  a  rapid  pace,  nmlring  it  deurable  to  notice  many  new  facta 
and  opinions,  and  to  consider  their  bearing  oq  the  previ- 
ously acquired  stock  of  knowledge.  In  my  attempt  to  bring 
np  the  information  contained  in  this  Treatise  to  the  present 
state  of  the  staence,  I  have  added  no  less  than  200  new  Illus- 
trations and  140  new  pages  of  Text,  which,  if  printed  separately 
and  in  a  less  condensed  form,  might  have  constituted  atone  a 
Tolome  of  respectable  size.  To  give  in  detail  a  list  of  all  the 
minor  corrections  and  changes  would  be  tedious ;  but  I  have 
thought  it  ueefal,  in  order  to  enable  the  reader  of  former 
editions  to  direct  hb  attention  at  once  to  what  is  new,  to 
offer  the  following  summary  of  the  more  important  additions 
and  alterations. 

Priae^ed  Additmu  and  Alteratitmt  in  tkepreunt  EdUioH. 

Chap.  IX.  — "  The  general  Table  of  IWiliferoaB  strata,"  for- 
merly placed  at  tlie  end  of  Chapter  XXVTL,  is  now  given  at 
p.  105.,  that  the  beginner  may  accastom  himself  fitnn  the  first  to 
refer  to  it  fWim  time  to  time  when  studying  the  numerous  snb- 
divisions  into  which  it  is  now  necessary  io  Beparate  the  chrono- 
h^cal  series  of  rocks.  The  Table  has  been  enlarged  by  a  column 
of  Foreign  Equivalents,  comprising  the  nsmes  and  localitieB  of  some 
of  the  best  known  strata  in  other  countries  of  ctmtemporanoous  date 
with  British  Fcffmadons. 

Chap.  XIV. — XVL — The  classification  of  the  Tertiary  formations 

has  been  adapted  to  the  information  gained  by  me  during  a  tour 

made  in  the  summer  of  1851  in  France  and  Belgium.    The  results  of 

my  survey  were  printed  in  the  Quarterly  Journal  of  the  Oeol<^csl 
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Society  of  London  for  1852.  In  the  conree  of  my  inTestigationB  I 
enjoTeid  opportunities  of  determining  more  exactly  the  relations  of 
the  Antwerp  and  the  Suffolk  crag,  p.  174.;  the  stratigraphical  place 
of  the  Bolderberg  beds  near  Hasselt,  p.  179. ;  thst  of  the  Limbnrg 
or  Kleyn  Spawen  strata,  p.  189. ;  and  of  other  Belgian  and  French 
deposits.  In  reference  to  some  of  these,  the  questions  so  much  con- 
troverted of  late,  whether  certain  groups  should  be  called  Lower 
Miocene  or  Upper  Eocene,  are  folly  discussed,  p.  184.  et  teq. 

In  the  winter  of  1852, 1  had  the  advantage  of  examining  the  nortb- 
ern  part  of  the  Isle  of  Wight,  is  company  with  my  friend  the  late 
lamented  Professor  Edward  Forbes,  who  pointed  out  to  me  the 
discoveries  he  had  just  made  in  regard  to  ^e  true  position  of  the 
Hempstead  series  (pp.  186  — 193.),  recognized  by  him  as  the  equi- 
valent of  the  Eleyn  Spawen  or  Limburg  beds,  and  hia  new  views 
in  regard  to  the  relation  of  various  members  of  the  Eocene  series 
between  the  Hempstead  and  Bagshot  beds.  An  account  of  these 
discoveries;  with  the  names  of  the  new  subdivisions,  is  given  at 
pp.  209.  et  ttq. ;  the  whole  having  been  revised  when  in  print  by 
Edward  Forbes. 

The  position  assigned  by  Mr.  Frestwich  to  the  Thanet  sands,  as 
an  Eocene  formation  inferior  to  the  Woolwich  beds,  is  treated  of 
at  p.  222.,  and  the  relations  of  the  Middle  and  Lower  Eocene  of 
France  to  various  deposits  in  the  Isle  of  Wight  and  Hampshire 
at  p.  223.  et  Kg.  In  the  same  chapters,  many  figures  have  been 
introduced  of  characteristic  organic  remains,  not  given  in  previous 
editions. 

Chap.  XVIL — In  speaking  of  the  Cretaceous  strata,  I  have  for 
the  first  time  alluded  te  the  position  of  the  Fisolitic  Limestone  in 
France,  and  other  formations  in  Belgium  intermediate  between  the 
White  Chalk  and  Thanet  beds,  p.  236. 

Chat.  XVTIL— The  Wealden  beds,  comprising  the  Weald  Clay 
and  Hastings  Sands  i^art  from  the  Purbeck,  are  in  this  chapter  for 
the  first  time  considered  as  belonging  to  the  Lower  Cretaceous 
Group,  and  the  reasons  for  the  change  are  stated  at  p.  264. 

Chap.  XIX.— Relates  to  ''the  denudation  of  the  Weald,"  or  of 
the  country  intervening  between  the  North  and  South  Downs.  It 
has  been  almost  entirely  rewritten,  and  some  new  illustrations  in- 
troduced. Many  geok^ts  have  gone  over  that  region  agun  and 
again  of  late  years,  bringing  to  light  new  facts,  and  speculating  oa 
the  probable  time,  extend  and  causes  of  so  vast  a  removal  of  rock. 
I  have  endeavoured  to  show  how  nnmerous  have  been  the  periods  of 
denudation,  how  vast  the  duration  of  some  of  them,  and  how  little 
the  necessity  to  despur  of  solving  the  problem  by  an  appeal  to  radi- 
nary  causation,  or  to  invoke  the  aid  of  imaginary  catastrophes  and 
paroxysmal  violence,  pp.  272 — 291. 

Chap.  XX._XXL — On  the  strata  from  the  Oolite  to  the  Lias 
inelunve.    The  Purbeck  beds  are  here  for  the  first  time  considered 
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ts  the  vppermoBt  member  of  tbe  Oolite,  in  accofdanco  with  the 
opinions  of  the  late  Profeeeor  E.  Forbea,  p.  295.  Many  new  figoree 
of  fo6ml«  charscteriBtic  of  the  sabdivisioiu  of  the  three  Furbecks 
ue  introduced ;  and  the  diaooverj,  in  1854,  of  a  new  munmifer 
allnded  to,  p.  296. 

Representktioiu  also  of  foasils  of  the  Upper,  Middle,  and  Lower 
OoHt^  and  of  the  Lias,  are  added  to  those  before  given. 

Chaf.  XXIL — TTTIT. —  On  the  Triassic  and  Permian  forma- 
tions.   The  improvementa  consist  Ghiefl7  of  new  Ulostrationa  of 


Chap.  XXIV.— XX.V. — Treating  of  the  Carboniferous  group, 
I  haye  mentioned  the  subdividona  now  generally  adopted  for  the 
cUsri£cation  of  the  Irish  strata  (p.  362.^  and  I  have  added  new 
figures  of  fossil  plants  to  explain,  among  other  topics,  the  botanical 
characters  of  Calamites,  Stembergia,  and  Trigonocorpum,  and  their 
relation  to  Conifene  (pp.  367,  368,  371.)-  The  grade  also  of  the 
Coniferse  in  the  vegetable  kingdom,  and  whether  thej  hold  a  high,  or 
a  low  position  among  flowering  plants,  is  discussed  with  reference  to 
the  (pinions  of  several  of  the  most  eminent  living  botanists;  and  the 
bearing  of  these  views  on  the  theory  of  prc^jressive  development, 
^373. 

The  casts  of  run-prints  in  coal-shale  are  represented  in  several 
woodcuts  aa  illustrative  of  the  nature  and  humidity  of  the  carboni- 
ferons  atmosphere,  p.  384.  The  causes  also  of  the  purity  of  many 
seams  of  coal,  p.  38S.,  and  the  probable  length  of  time  which  was 
required  to  allow  the  solid  matter  of  certain  coal-fields  to  accumulate, 
p^  386.,  are  discussed  for  the  first  time. 

Figures  are  given  of  Crustaceans  and  Insects  from  the  Coal,  pp. 
388,  389. ;  and  the  discovery  of  some  new  Reptiles  is  alluded  tc^ 
^405. 

I  have  also  alluded  to  the  causes  of  the  rarity  of  vertebrate  and 
invertebrate  air-breathers  in  the  coal,  p.  405. 

Tliat  division  of  this  same  chapter  (Chap.  XXY.)  which  relates  to 
the  Itfonnt&in  Limestone  has  been  also  enlaiged  by  figures  of  new 
fossils,  and  among  others  by  representations  of  Corals  of  the  Paleo- 
loic,  as  distinguishable  from  those  of  the  Neozoic,  type,  p.  407. ;  also 
by  woodcuts  of  several  genera  of  shells  which  retun  the  patterns 
of  their  original  colours,  p.  410.  The  foreign  equivalents  of  the 
Mountain  Limestone  are  tieo  alluded  to,  p.  413. 

Chap.  XXTL — In  speaking  of  the  Old  Red  Sandstone,  or  De- 
vonian Group,  the  evidence  of  the  occurreuce  of  the  skeleton  of  a 
Keptile  and  the  footprints  of  a  Chelonian  in  that  series  are  recon- 
sidered, p.  416.  New  plants  found  in  Ireland  in  this  formation  are 
figured,  p.  418. ;  also  the  Pterygotus,  or  lai^  crustacean  of  Forfar- 
shire, p.  419. ;  and,  lastly,  the  division  of  the  Devonian  series  in 
North  Devon  into  ITpper,  Middle,  and  Lower,  p.  424.,  the  fossils  of 
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the  sune  (p.  425.  «t  teg.),  &nd  the  equivalente  of  the  DeTonian  beds 

in  Russia  and  the  United  States,  are  treated  oi^  p.  429.  and  432. 

Chat.  XXVIL.— The  claBeiflotiDii  and  nomenol&tare  of  the  Si- 
lurian rocks  of  Great  Britain,  the  Continent  of  Europe,  and  North 
America,  and  the  question  whether  thej  can  be  distinguished  firom 
the  Cambrian,  and  by  what  paleontol<^cal  characters,  are  discuMed 
in  this  chapter,  pp.  433.  451.  and  457. 

The  relation  of  the  Caradoc  Sandstone  to  the  Upper  and  Lower 
Silurian,  as  inferred  from  recent  inveatigations  (p.  441.),  the  vast 
thickness  of  the  LlandeOo  or  Lower  Silurian  in  Wales  (p.  446.),  the 
Obolua  orUnguUtegritof  St.  Petersburg  and  its  fossils  (p.  447.i  the 
Silurian  stratA  of  the  United  States  and  their  British  equivalents 
(p.  448.),  and  those  of  Canada,  the  discoveries  of  M.  Barrande  re- 
specting the  metamorphoBia  of  Silurian  and  Cambrian  trilobites 
(pp.  445.  454),  are  among  the  subjects  enlarged  upon  more  fully 
than  in  former  edition^  or  now  treated  of  for  the  first  time. 

The  Cambrian  beds  below  the  Llandeilo,  and  their  fossils,  are  like- 
wise described  as  thej  exist  in  Wales,  Ireland,  Bohemia,  Sweden, 
the  United  States,  and  Canada,  and  some  of  their  peculiar  organic 
remains  are  figured,  p.  451.  to  p.  457. 

Lastly,  at  the  conclusion  of  the  chapter,  some  remarks  are  ofFered 
respecting  the  absence  of  the  remains  of  fish  and  other  vertebrata 
from  the  deposits  below  the  Upper  Silurian,  p.  457.,  in  elucidation  of 
which  topic  a  Table  has  been  drawn  up  of  the  dates  of  the  successive 
discovery  of  difierent  classes  of  Fossil  Vertebrata  in  rocks  of  higher 
and  higher  antiquity,  showing  the  gradual  progress  made  in  the 
course  of  the  last  century  and  a  half  in  tracing  back  each  class  to 
more  and  more  ancient  rocks.  The  bearing  of  tlie  positive  and 
negative  facts  Urns  set  forth  on  the  doctrine  of  progressive  develop- 
ment is  then  discussed,  and  the  grounds  of  the  supposed  acardty 
both  of  vertebrate  and  invertel^ate  ur-breatliers  in  the  most  ancient 
formation  considered,  p.  460. 

Chap.  XX V  UL  —  With  the  assistance  of  an  able  mineralogist, 
M.  Delesse,  I  have  revised  and  enlarged  the  glossary  of  the  more 
abundant  volcanic  rocks,  p.  476.,  and  the  table  of  analyses  of  simple 
minen^  p.  479. 

Chap.  XXIX  —  In  consequence  of  a  geological  excursion  to 
Madeira  and  the  Canary  Island^  which  I  made  in  the  winter  of 
1833-4,  I  have  been  enabled  to  make  larger  additions  of  original 
matter  to  this  chapter  than  to  any  other  in  the  work.  Hie  account 
of  Tenerifie  and  Madeira,  pp.  514.  522.,  is  wholly  new.  Formerly  I 
gave  an  abstract  of  Von  Buch's  description  of  the  island  of  Palma, 
one  of  the  Canaries,  but  I  have  now  treated  of  it  more  fully  from 
my  own  observations,  regarding  Palma  as  a  good  type  of  that  class 
of  volcanic  mountains  which  have  been  called  by  Von  Buch 
"  craters  of  elevation,"  pp.  498 — 512.  Many  illustrations,  chiefly 
from  the  pencil  of  my  companion  and  fellow-labourer,  Mr.  Hartnng, 
have  been  introduced.    In  reference  to  the  above-meodoned  sub- 
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jeotBj   dtktknu  are  made  &om   Dun  on  tiie   Sandwich  lalitnda, 
p.  498^  and  &tan  Jimghnhn'B  Java,  p.  496. 

Chap.  XiXV.— XXX VIL  ~  The  theory  of  the  origin  of  the 
metamorpbic  rocks  and  certain  views  recentiy  pnt  forward  bj  some 
getdogiste  respecting  clesTsge  and  foliation  have  made  it  desirable 
to  recast  and  rewrite  a  portion  of  these  chapters.  New  prooft  are 
cited  in  faronr  of  attributing  cleavage  to  mechanical  force,  p.  610., 
and  for  inferring  in  many  cases  a  connection  between  foliation  and 
cleavage,  p.  615.  At  the  same  time,  the  question — how  £sr  the 
planes  of  foliation  nsnally  agree  with  those  of  sedimentary  depo- 
mtion,  is  entered  intc^  p.  614. 

Chap.  XXXVIXL — To  the  account  formerly  published  of  mineral 
veins  some  facts  and  opinions  are  added  respecting  the  age  of  the 
rocks  and  alluvial  deposits  containing  gold  in  South  America,  the 
United  States  California,  and  Australia. 


I  have  already  alladed  to  the  aaajatance  afibrded  me  by  the 
late  Professor  Edward  Forbes  towards  the  improvement  of 
some  parts  of  tliis  work.  His  letters  suggesting  corrections 
and  additions  were  continued  to  within  a  few  weeks  of  his 
sudden  and  unexpected  death,  and  I  felt  most  gratefiil  to  him 
for  the  warm  interest,  which,  in  the  midst  of  so  many  and 
presung  avocations,  he  took  in  the  success  of  my  labours.  His 
friendahip  and  the  power  of  referring  to  his  sound  judgment  in 
cases  of  difficulty  on  paleontological  and  other  questions  were 
among  the  highest  privileges  I  have  ever  enjoyed  in  the  course 
of  mj  scientific  pursuits.  Kever  perhaps  has  it  been  the  lot  of 
any  Englishman,  who  had  not  attained  to  political  or  literary 
eminence,  more  especially  one  who  had  not  reached  his  fortietii 
year,  to  engage  the  sympathiee  of  so  wide  a  circle  of  admirers, 
and  to  be  so  generally  mourned.  The  untimely  death  of  such 
a  teacher  was  justly  felt  to  be  a  national  loss ;  for  there  was  a 
deep  conviction  in  the  minds  of  aB  who  knew  him,  that  genius 
of  BO  high  an  order,  combined  with  vast  acq^uirements,  true 
independence  of  character,  and  so  many  social  and  moral  ex- 
ceUencues,  would  have  inspired  a  lai^  portion  of  the  rising 
generation  with  kindred  enthusiasm  for  branches  of  knowledge 
hitherto  neglected  in  the  education  of  British  youth. 

As  on  former  occasions,  I  shall  take  this  opportunity  o£ 
stating  that  the  "  Manual "  is  not  an  epitome  of  the  "  Principles 
of  Geology,"  nor  intended  as  introductory  to  that  work.  So 
much  confmon  has  arisen  on  this  subject,  that  it  is  desirable 
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to  explain  fully  the  different  ground  occupied  by  the  two  pnb- 
licatioQB.  The  first  five  editione  of  the  "  Principles  "  comprised 
a  4th  book,  in  which  some  account  w&a  given  of  eyatematic  geo- 
logy, and  in  which  the  prindipal  rocks  composing  the  earth's 
crust  and  their  organic  rem»ns  were  deecribed.  In  subsequent 
editions  this  4th  book  was  omitted,  it  hiving  been  expanded, 
in  1838,  into  a  separate  treatise  called  the  "  Elements  of  Geo- 
logy," first  re-edited  in  1843,  and  agtun  recast  and  enlarged  in 
1851,  and  entitled  "  A  Manual  of  Elementary  Gteology."  Of 
this  enlarged  work  another  edition,  called  the  Fourth,  was 
published  in  1852. 

Although  the  subjects  of  both  treatises  relate  to  Geology,  as 
their  titles  imply,  their  scope  is  very  difiTerent ;  the  "  Principles  " 
containiog  a  view  of  the  modem  changes  of  the  earth  and  its 
inhabitants,  while  the  "  Manual "  reUtes  to  the  monuments  of 
ancient  changes.  In  separating  the  one  from  the  other,  I  have 
endeavoured  to  render  each  complete  in  itself,  and  independent ; 
but  if  asked  by  a  student  which  he  should  read  first,  I  would 
recommend  him  to  begin  with  the  "  Principles,"  as  he  may 
then  proceed  from  the  known  to  the  unknown,  and  be  provided 
beforehand  with  a  key  for  interpreting  the  ancient  phenomena, 
whether  of  the  organic  or  inorganic  world,  by  reference  to 
changes  now  in  progress. 

It  will  be  seen  on  comparing  "  The  Contents"  of  the  "  Prin- 
ciples "  with  the  abridged  headings  of  the  chapters  of  the  pre- 
sent work  (see  the  Following  pages),  that  the  two  treatises  have 
but  little  in  common ;  or,  to  repeat  what  I  have  said  in  the 
Preface  to  the  "Principles,"  they  have  the  same  kind  of  con- 
nection which  Chemistry  bears  to  Natural  Philosophy,  each 
being  subudiary  to  the  other,  and  yet  admitting  of  b^ng  con- 
sidered as  different  departments  of  science.* 

CHAELES  LTELL. 

£3.  Harky  Sirtet,  London,  Fthnary  23.  1869. 

*  As  it  is  impossible  to  enabls  tlie  reader  to  recognize  rocke  and  iniDt:ndi  at 
flight  b;  lid  of  verbal  descriptionfl  or  figures,  he  will  do  well  lo  ohbun  a  well- 
arraoged  collection  or  tpecimeoB,  such  as  mar  beprocaredfi^oiiiUi.  TeDnaiit(I49, 
Stiaad),  teacber  of  Hineralogj  at  Sing's  College,  Londau. 
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Or  what  materiftls  is  the  earth  composed,  and  in  what  manner  are 
these  materials  arranged  7  These  are  the  first  inquiries  with  which 
Geology  is  occupied,  a  science  which  derives  its  name  from  the  Greek 
■nfff,  the  earth,  and  X1170C,  hgot,  a  discourse.  Freviouslj  to  experience 
we  might  hare  imagined  that  inTestigatioaa  of  this  kind  would  relate 
exclaaiTel^  to  the  mineral  kingdom,  and  to  the  varions  rocks,  seals, 
and  metals,  which  occur  npoD  the  surface  of  the  earth,  or  at  Tarions 
depths  beneath  it.  But,  in  pursuing  such  researches,  we  soon  find 
ourselves  ted  on  to  consider  the  successive  changes  which  have  taken 
place  in  the  former  state  of  the  earth's  surface  and  interior,  and  the 
causes  which  have  given  rise  to  these  changes ;  and,  what  is  still 
more  singular  and  unexpected,  we  soon  become  engaged  in  researches 
into  the  history  of  the  animate  creation,  or  of  the  various  Inbes  of 
animals  aud  plants  which  have,  at  different  periods  of  the  past,  in- 
habited  the  globe. 

All  are  aware  that  the  solid  parts  of  the  earth  consist  of  distinct 
substances,  such  as  clay,  chalk,  sand,  limestone,  coal,  slate,  granite, 
and  the  like ;  but  previously  to  observation  it  is  commonly  imagined 
that  all  these  had  remained  from  the  iirst  in  the  state  in  which  we 
now  see  them, — that  they  were  created  in  their  present  form,  and  in 
their  present  position.  The  geologist  soon  conies  to  ir  different  con- 
clusion, discovering  proofs  that  the  external  parts  of  the  earth  were 
not  all  produced  in  the  banning  of  things  in  the  state  in  which  we 
nonr  behold  them,  nor  in  on  instant  of  time.  On  the  contrary,  he 
can  ibow  that  tbey  have  ac4]uired  their  actual  configuration  and  con- 
dition gradually,  under  a  great  variety  of  circumstances,  and  at  suc- 
cessive periods,  during  each  of  which  distinct  races  of  living  beings 
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have  floiuished  on  the  land  and  in  the  waters,  the  remains  of  these 
creaturea  still  lying  buried  in  the  cruBt  of  the  earth. 

Bj  the  "earUi's  croat,"  is  meant  that  small  portion  of  the  exterior 
of  our  planet  which  is  accessible  to  human  observation,  or  on  which 
we  are  enabled  to  reason  by  observations  made  at  or  near  the  surface, 
'niese  reasonings  may  extend  to  a  depth  of  several  miles,  perhaps  ten 
miles;  and  even  then  it  may  be  said,  thai  such  a  thickness  is  no 
more  than  f^  part  of  the  distance  from  the  surface  to  the  centre. 
Ilie  remark  is  just;  but  although  the  dimensions  of  such  a  crust  are, 
in  truth,  insignillcant  when  compared  to  the  entire  globe,  yet  they 
are  vast,  and  of  magnificent  extent  in  relation  to  man,  and  to  the  or- 
ganic beings  which  people  our  globe.  Beferring  to  this  standard  of 
magnitade,  the  geolc^st  may  admire  the  ample  limits  of  his  domain, 
and  admit,  at  the  same  time,  that  not  only  the  exterior  of  the  planet, 
bnt  the  entire  earth,  is  but  an  atom  in  the  ntidst  of  the  countless 
worlds  surveyed  by  the  astronomer. 

The  materials  of  this  cmst  are  not  thrown  together  confusedly; 
bnt  distinct  mineral  masses,  called  rocks,  are  found  to  occupy  definite 
spaces,  and  to  exhibit  a  certain  order  of  arrangement  The  term 
roek  is  applied  indifferentty  by  geologists  to  all  these  substances, 
whether  they  be  sofl:  or  stony,  fbr  clay  and  sand  are  included  in  the 
term,  and  some  have  even  brought  peat  under  this  denomination. 
Our  older  writers  endeavoured  to  avoid  offering  such  violence  to  our 
language,  by  spieaking  of  the  component  materia  of  the  earth  as 
consisting  of  rocks  and  toils.  But  there  is  often  so  insensible  a  pas- 
sage from  a  sofl  and  incoherent  state  to  that  of  stone,  that  geolc^ists 
of  all  countries  have  found  it  indispensable  to  have  one  technical 
term  to  include  both,  and  in  this  sense  we  find  roche  applied  in 
French,  rocca  in  Italian,  and  fehart  in  Grermao.  The  beginner, 
however,  mast  constantiy  bear  in  mind,  that  the  term  rock  by  no 
means  implies  that  a  mineral  mass  is  in  an  indurated  or  stony  con- 

The  most  natural  and  convenient  mode  of  classifying  the  various 
rocks  which  compose  the  earth's  crust,  is  to  refer,  in  the  first  place, 
to  their  origin,  and  in  the  second  to  their  relative  age.  I  shall 
therefore  begin  by  endeavouring  briefly  to  explain  to  the  student 
how  alt  rocks  may  be  divided  into  four  great  classes  by  reference  to 
their  different  origin,  or,  in  other  words,  by  reference  to  the  differ^it 
circumstances  and  causes  by  which  they  have  been  produced. 

The  first  two  divisions,  which  will  at  once  be  understood  aa  natural, 
are  the  aqueous  and  volcanic,  or  the  products  of  watery  and  those  of 
igneous  action  at  or  new  the  surface. 

Aqueous  Tvckt. — The  aqueous  rocks,  sometimes  called  the  sedi- 
mentary, or  fossiliferous,  cover  a  larger  part  of  the  ewth's  surface 
than  any  others.  These  rocks  are  ttratijkd,  or  divided  into  distinct 
layers,  or  strata.  The  term  stratum  mesns  simply  a  bed,  or  any 
tiling  spread  out  or  streteed  over  a  given  surface  ;  and  we  infer  that 
these  strata  have  been  generally  spread  out  by  the  action  of  water, 
from  what  we  daily  sec  teking  place  near  the  mouths  of  rivers,  or  on 
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tho  land  during  temporary  inundatiens.  For,  whenever  a  ninning 
stream  chaiged  with  miid  or  suid,  hae  its  velocity  checked,  as  when 
it  enters  a  lake  or  sea,  or  overflows  a  plain,  the  sediment,  previously 
held  in  eospension  by  the  motion  of  the  water,  sinks,  by  its  own 
gravity,  to  the  bottom.  In  this  manner  layers  of  mnd  and  sand  are 
thrown  down  one  upon  another. 

If  we  drun  a  lake  which  has  been  fed  by  a  small  stream,  we  fre- 
qoently  find  at  the  bottom  a  series  of  deposits,  disposed  with  consi- 
derable regularity,  one  above  the  other ;  the  uppermost,  perhaps,  may 
be  a  stratum  <^  peat,  next  below  a  more  dense  and  solid  variety  of 
the  same  material;  still  lower  a  bed  of  shell-marl,  alternating  with 
peat  or  sand,  and  then  other  beds  of  marl,  divided  by  layers  of  clay. 
Now,  if  a  second  pit  be  sunk  through  the  same  continuous  lacustrine 
formation,  at  some  distance  from  the  first,  nearly  the  same  series  of 
beds  is  eouuuoDly  met  with,  yet  with  slight  variations ;  some,  for  ex- 
ample, of  the  layers  of  sand,  clay,  or  marl,  may  be  wanting,  one  or 
more  of  th^n  having  thinned  oat  and  given  place  to  others,  or  some- 
times one  of  the  masses  first  examined  is  observed  to  increase  in 
thickness  to  the  exclusion  of  other  beds. 

The  term  "/orTnatioH,"  which  I  have  used  in  the  above  explana- 
tion, expresses  in  geology  any  assemblage  of  rocks  which  have  some 
character  in  common,  whether  of  origin,  age,  or  composition.  Thus 
we  speak  of  stratified  and  unstratified,  freshwater  and  marine,  aqueous 
and  volcanic,  ancient  and  modem,  metalliferous  and  non-metalliler- 
ons  formations. 

In  the  estuaries  of  large  rivers,  such  as  Qxt  Ganges  and  the  Missis- 
sippi, we  may  observe,  at  low  water,  phenomena  analogous  to  those 
of  the  drained  lakes  above  mentioned,  but  on  a  grander  scale,  and 
extending  over  areas  several  bimdred  miles  in  length  and  breadth. 
When  the  periodical  inundations  subside,  the  river  hollows  out  a 
channel  to  the  depth  of  many  yards  through  horizontal  beds  of  clay 
and  sand,  the  ends  of  which  ore  seen  exposed  in  perpendicular  cliffs. 
These  beds  vary  in  their  mineral  composition,  or  colour,  or  in  the 
fineness  or  coarseness  of  their  particles,  and  some  of  them  are  occa- 
sionally characterized  by  containing  drift  wood.  At  the  junction  of 
the  river  and  the  sea,  especially  in  lagoons  nearly  separated  by  sand 
bars  from  the  ocean,  deposits  are  often  formed  in  which  brackisb- 
wster  and  salt-water  shells  are  included. 

The  annual  floods  of  the  Nile  in  Egypt  are  well  known,  and  the 
fertile  depouts  of  mud  which  they  leave  on  the  plains.  This  mud  is 
ttratified,  the  thin  layer  thrown  down  in  one  season  differing  slightly 
in  colour  from  that  of  a  previous  year,  and  being  separable  from  it, 
as  has  been  observed  in  excavaUons  at  Cairo,  and  other  places.* 

When  beds  of  sand,  clay,  and  marl,  containing  shells  and  vegetable 
natter,  are  found  arranged  in  a  similar  manner  in  the  interior  of  the 
earth,  we  ascribe  to  them  a  similar  origin  ;  and  the  more  we  examine 
their  characters  in  minute  detail,  the  more  exact  do  we  find  the  re- 
semblance. Thus,  for  example,  at  various  heights  and  depths  in  the 
*  Sw  FrindplM  of  QvAa^,  hj  tba  Aatbco',  Indsi:,  "  Kile,"  "  Biven,"  Sk. 
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earth,  and  often  far  from  seas,  takes,  and  rtrers,  we  meet  with  laTers 
of  ronoded  pebbles  composed  of  fliat,  limestone,  graDite,  or  other  rocks, 
resembling  the  shingles  of  a  sea-beach  or  the  gravel  in  a  torrent's  bed. 
Such  layers  of  pebbles  frequently  alternate  with  others  farmed 
of  sand  or  fine  sediment,  just  as  we  ma;  see  in  the  channel  of  a  river 
descending  from  hills  bordering  a  coasl^  where  the  oorrent  sweeps 
down  at  one  season  coarse  aand  and  gravel,  while  at  another,  when 
the  waters  are  low  and  less  rapid,  flne  mud  and  sand  alooe  are 
carried  seaward" 

If  a  stratified  arrangement,  and  the  rounded  form  of  pebbles,  are 
alone  sufficient  to  lead  us  to  th«  oonclusion  that  certain  rocks  origi- 
nated under  water,  this  opinion  is  farther  confirmed  bf  thedistinct 
and  independent  evidence  of  ^n'b,  so  abnndantlj  inclnded  in  the 
earth's  crust  3j  a  /ouU  is  meant  an;  bod;,  or  the  traces  of  tlie 
existence  of  any  bod;,  whether  animal  or  vegetable,  which  has  bees 
bnried  in  the  eartli  b;  natural  causes.  Now  tbe  remains  of  animals, 
especiall;  of  aquatic  species,  are  found  almost  ever;whe re  imbedded, 
in  stratified  rocks,  and  Bometimes,  in  the  case  of  limestone,  the;  are 
in  such  abundance  as  to  constitute  the  entire  mass  of  the  rock  itself. 
Shells  and  corals  are  the  most  frequent,  and  with  them  are  often 
associated  the  bones  and  teeth  of  fishes,  fragments  of  wood,  im- 
pressions of  leaves,  and  other  organic  substances.  Fossil  shells,  of 
forms  such  as  now  abound  in  the  sea,  are  met  with  far  inland,  both 
near  the  surface,  and  at  great  depths  below  it  The;  occur  at  all 
heights  above  the  level  of  the  ocean,  having  been  observed  at  eleva- 
tions of  more  than  8000  feet  in  the  Pyrenees,  10,000  in  (he  Alps, 
13,000  in  the  Andes,  and  above  18,000  feet  in  the  Himala;a.| 

These  shells  belong  mostly  to  marine  testacea,  bnt  in  some  places 
exclusively  to  forms  characteristic  of  lakes  and  rivers.  Hence  it  is 
concluded  that  some  ancient  strata  were  deposited  at  the  bottom  of 
the  sea,  and  others  in  lakes  and  estuaries. 

When  geolt^  was  first  cultivated,  it  was  a  general  belief^  that 
these  marine  shells  and  other  fosnls  were  the  effects  and  proob  of 
the  deluge  of  Noah;  but  all  who  have  carefully  investigated  the 
phenomena  have  long  rejected  this  doctrine.  A  tramient  flood 
might  be  supposed  to  leave  behind  it,  here  and  there  upon  the  surface, 
scattered  heaps  of  mud,  sand,  and  shingle,  with  shells  conf^sedl;  in- 
termixed ;  bnt  the  strata  containing  fossils  are  not  superficial  depo- 
sits, and  do  not  simpl;  cover  the  earth,  but  constitute  the  entire  mass 
of  mountains.  Nor  are  the  fossils  mingled  without  reference  t«  the 
original  habits  and  natures  of  the  creatures  of  which  the;  are  the 
memorials  ;  those,  for  example,  being  found  associated  together  which 
lived  in  deep  or  in  shaUow  water,  near  the  shore  or  far  from  it,  in 
brackish  or  in  salt  water. 

It  has,  moreover,  been  a  favourite  notion  of  some  modem  writers^ 
who  were  aware  that  fossil  bodies  could  not  all  be  referred  to  the 
deluge,  that  they,  and  the  strata  in  which  the;  are  entombed,  might 
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lure  been  deposited  in  the  bed  of  tho  ocean  during  the  period  which 
intervened  between  the  creation  of  man  and  the  deluge.  Thej  have 
imagined  that  the  antediluvian  bed  of  the  ocean,  after  having  been 
the  receptacle  of  many  stratified  deposits,  became  converted,  at  the 
time  of  the  flood,  into  the  lands  which  we  inhabit,  and  that  the 
ancient  continenta  were  at  the  oame  time  submerged,  and  became  the 
bed  of  the  present  seas.  This  hTpothesia,  although  preferable  to  the 
diluvial  theory  before  alluded  to,  since  it  admits  that  all  fossiliferous 
strata  were  successively  thrown  down  from  water,  is  yet  wholly 
inadeqoate  to  explain  the  repeated  revolutiona  which  the  earth  has 
nndei^one,  and  the  signs  which  the  existing  continents  exhibit,  in 
most  regions,  of  having  emerged  from  the  ocean  at  an  era  far  more 
remote  than  four  thousand  years  from  the  present  time.  Ample 
proofs  of  these  reiterated  revolutions  will  be  given  in  the  sequel,  and 
it  will  be  seen  that  many  distinct  seta  of  sedimentary  strata,  hundreds 
and  sometimes  thousands  of  feet  thick,  are  piled  one  upon  the  other 
in  the  earth's  crust,  each  containing  peculiar  fossil  animals  snd  plants 
of  species  distinguishable  for  the  most  part  from  all  those  now 
living.  The  mass  of  some  of  these  strata  consists  almost  entirely  of 
contls,  others  are  made  up  of  shells,  others  of  plants  turned  into  coal, 
while  some  are  without  fossils.  In  one  set  of  strata  tlie  species  of 
fosaib  are  marine;  in  another,  lying  immediately  above  or  below, 
they  as  clearly  prove  that  the  deposit  was  formed  in  a  lake  or  in  a 
brackish  estuary.  When  the  stadent  has  more  fully  examined  into 
these  appearances,  he  will  become  convinced  that  the  time  required 
for  tbe  origin  of  the  rooks  composing  the  actus!  continents  must 
have  been  far  greater  than  that  which  is  conceded  by  the  theory 
above  alluded  to;  and  likewise  that  no  one  universal  or  sudden 
conversion  of  sea  into  land  will  account  for  geological  appearances. 

We  have  now  pointed  out  one  great  class  of  rocks,  which,  however 
they  may  vary  in  mineral  composition,  colour,  grain,  or  other  cha- 
racters,  external  and  internal,  may  nevertheless  be  grouped  together 
as  having  a  common  origin.  They  have  all  been  formed  under  water, 
in  the  same  manner  as  modem  accumnlaUons  of  sand,  mud,  shingle, 
banks  of  shells,  reefs  of  coral,  and  the  like,  and  are  all  characterised 
by  stratification  or  fossils,  or  by  both. 

Voteanic  rocks. — The  division  of  rocks  which  we  may  next  con- 
nder  are  the  volcanic,  or  those  which  have  been  produced  at  or  near 
the  surface  whether  in  ancient  or  modem  times,  not  by  water,  but  by 
tiie  action  of  fire  or  subterranean  heat.  These  rocks  are  for  the 
moat  part  nnatratified,  and  are  devoid  of  fossils.  They  are  more  par- 
tially distributed  than  aqueous  formations,  at  least  in  respect  to  hori- 
zontal extension.  Among  those  parts  of  Eorope  where  they  exhibit 
characters  not  to  be  mistaken,  I  may  men^on  not  only  Sicily  and  the 
country  round  Naples,  but  Auvergne,  Telay,  and  Vivarus,  now  the 
departments  of  Fuy  de  Dome,  Haute  Loire,  and  ArdSche,  towards 
tbe  centre  and  south  of  France  in  which  are  several  hundred  conical 
faitls  having  the  forms  of  modem  volcanos,  with  craters  more  or  less 
perfect  on  many  of  their  summits.     These  cones  are  composed  mora' 
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over  of  lava,  sand,  and  ashes,  similw  to  those  of  active  volcanos. 
Streama  of  lava  ma;  sometimeB  be  traced  from  the  cones  into  the 
adjoining  valleys,  where  they  have  choked  up  the  ancient  channels  of 
rivers  with  solid  rock,  in  the  aame  manner  as  some  modem  flows  of 
lava  in  Iceland  hare  been  known  to  do,  the  rivers  either  flowing 
beneath  or  cutting  out  a  narrow  passage  on  one  side  of  the  lava. 
Although  none  of  these  French  toIcouos  have  been  in  activity  within 
the  period  of  history  or  tradition,  their  forms  are  often  very  perfect 
Some,  however,  have  been  compared  to  the  mere  skeletons  of  vol- 
canos,  the  rains  and  torrents  haring  washed  their  sides,  and  removed 
all  the  loose  sand  and  scorin,  leaving  only  the  harder  and  more  solid 
materials.  By  this  erosion,  and  by  earthquakes,  their  internal  stnic- 
ture  has  occasionally  been  laid  open  to  view,  in  fissures  and  ravines ; 
and  we  then  behold  not  only  many  successive  beds  and  masses  of 
porous  lava,  sand,  and  scorife,  bat  also  perpendicular  walls,  or  diie», 
as  they  are  called,  of  volcanic  rock,  which  have  burst  through  the 
other  materiab.  Such  dikes  are  also  observed  in  the  structure  of 
Vesuvius,  Etna,  and  other  active  volcanos.  They  have  been  formed 
by  the  pouring  of  melted  matter,  whether  from  above  or  below,  into 
open  fissures,  and  they  commonly  traverse  deposits  of  vaicanie  tuff, 
a  substance  produced  hy  the  showering  down  &om  the  air,  or  in-- 
cumbent  waters^  of  sand  and  cinders,  first  shot  up  &om  th^  interiw 
of  the  earth  hy  the  explosions  of  volcanic  gases. 

Besides  the  parts  of  France  above  alluded  to,  there  are  other 
countries,  as  the  north  of  Spain,  the  south  of  Sicily,  the  Tuscan 
territory  of  Italy,  the  lower  Khenish  provinces,  and  Hungary,  where 
spent  volcanos  may  be  seen,  stiU  preserring  in  many  cases  a  conical 
form,  and  having  craters  and  often  lava-Btreams  connected  with  them. 

There  are  also  other  rocks  in  England,  Scotland,  Ireland,  and 
almoet  every  country  in  Europe,  which  we  infer  to  be  of  igneous 
'  origin,  although  they  do  not  form  bills  with  cones  and  craters.  Thus, 
for  example,  we  feel  assured  that  the  rock  of  Staffa,  and  that  of  the 
Giant's  Causeway,  called  basalt,  is  volcanic,  becauso  it  ^rees  in  its 
columnar  structure  and  mineral  composition  with  streams  of  lava 
which  we  know  to  have  flowed  from  the  craters  of  volcanos.  We 
find  also  similar  basaltic  and  other  igneous  rocks  associated  with 
beds  oStuffia  varions  parts  of  the  British  Isles,  and  forming  dihtM, 
such  as  have  been  spoken  of;  and  some  of  the  strata  through  which 
these  dikes  cut  are  occasionally  altered  at  the  point  of  contact  as  if 
they  had  been  exposed  to  the  intense  heat  of  melted  matter. 

The  absence  of  cones  and  craters,  and  long  narrow  streams  of 
superficial  lava,  in  England  and  many  other  countries,  is  principally 
to  be  attributed  to  the  'eruptions  having  been  submarine,  just  as  a 
considerable  proportion  of  volcanos  in  our  own  times  burst  out 
beneath  the  sea.  But  this  question  must  be  enlarged  upon  more 
fully  in  the  chapters  on  ^neous  Bocks,  in  which  it  will  also  be 
shown,  that  as  difibrent  sedimentary  formations,  containing  each 
their  characteristic  fossils,  have  been  deposited  at  successive  periods, 
so  also  volcanic  sand  and  scoria  have  been  thrown  out,  and  laraa 
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have  flowed  over  the  land  or  bed  of  the  sea,  at  many  differaat  epocbi, 
or  have  been  injected  into  fissures ;  bo  that  the  igneous  as  well  as 
the  aqueous  rocks  maj  be  clsased  as  a  chronological  series  of  monu- 
ments, throwing  light  on  a  sneccacion  of  erents  in  the  history  of  the 
earthy 

Uutonic  roeks  (Granite,  &c.). — We  have  now  pointed  ont  the 
existence  of  two  ^tinct  orders  of  mineral  masses,  the  aqueous  and 
the  volcanic:  but  if  we  examine  a  large  portion  of  a  continent, 
.  especially  if  it  contain  within  it  a  loftj  mountain  range,  we  rarely  fail 
to  discover  two  other  classes  of  rocks,  very  distinct  from  either  of 
those  above  alluded  to,  and  which  we  can  neither  assimilate  to  de- 
posits such  as  are  now  accumulated  in  lakes  or  seas,  nor  to  those 
generated  by  ordinary  volcanic  action.  The  members  of  both  these 
divisions  of  rocks  agree  in  being  highly  crystalline  and  destitute  of 
organic  remains.  The  rocks  of  one  division  have  been  called  plu- 
tonic,  comprehending  all  the  granites  and  certain  porphyries,  which 
ara  nearly  allied  in  some  of  their  characters  to  volcanic  formations. 
The  members  of  the  other  class  are  stratified  and  often  slaty,  and 
have  been  called  by  some  the  cryMlaUine  tehitlt,  in  which  group  are 
included  gneiss,  micaceous-schist  (or  micarslate),  homblende-scliiet, 
statnary  marble,  the  finer  kinds  of  roofing  sli^  and  other  rocks 
afterwards  to  be  described. 

As  it  is  admitted  that  nothing  strictly  anah^us  to  these  crystalline 
productions  can  now  be  seen  in  the  progress  of  formation  on  the 
earth's  surface,  it  will  naturally  be  asked,  on  what  data  we  can  find 
a  place  for  them  in  a  system  of  classification  founded  on  the  origin  of 
rocks.  I  cannot,  in  reply  to  this  question,  pretend  to  give  the 
student,  in  a  few  words,  an  intelligible  account  of  the  long  chain  of 
facts  and  reasonings  by  which  geologists  have  been  led  to  infer  the 
analogy  of  the  rocks  in  question  to  others  now  in  progress  at  the 
■nrface.  The  result,  however,  may  be  briefly  slated.  All  the  various 
kinds  of  granite  which  constitute  the  plutonic  family,  are  supposed 
to  be  of  igneous  origin,  but  to  have  been  formed  under  great  pressure, 
at  a  considerable  depth  in  the  earth,  or  sometimes,  perhaps,  under  a 
certain  weight  of  incumbent  water.  Like  the  lava  of  volcanos,  they 
have  been  melted,  and  have  afterwards  cooled  and  crystallised,  but 
with  extreme  slowness,  and  under  conditions  very  different  from 
tboee  of  bodies  cooling  in  the  open  air.  Hence  they  differ  from  the 
volcanic  rocks,  not  only  by  their  more  crystalline  texturo,  but  also 
by  the  absence  of  tuffs  and  breccias,  which  aro  the  products  of 
eraptionB  at  the  earth's  surface,  or  beneath  seas  of  inconsiderable 
depth.  They  differ  also  by  the  absence  of  pores  or  cellular  cavities, 
to  which  the  expansion  of  the  entangled  gases  gives  rise  in  ordinary 
lava. 

Although  granite  bos  oflen  pierced  through  other  strata,  it  has 
rarely,  if  ever,  been  observed  to  rest  upon  them,  as  if  it  had  over- 
flowed. But  as  this  is  continually  tho  case  with  the  volcanic  rocks, 
they  have  been  styled,  from  this  peculiarity.  "  overlying "  by  Dr.  Mac 
CoUoch  i  and  Mr.  Necker  has  proposed  the  term  "  underlying "  for 
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the  gnnites,  to  designate  the  opporite  mode  in  which  tbey  almoat 
invuiably  present  themselres. 

Mttamorphic,  or  itratified  eryitaUine  roehs. — The  fourth  and  last 
great  diviBion  of  rocks  are  the  crystalUne  strftta  and  sUtes,  or  schists, 
called  gneiss,  mica-schist^  clay-slate,  chlorite-schist,  marble,  and  the 
like,  the  origin  of  which  is  more  doubtful  than  thit  of  the  other  three 
classes.  They  contain  no  pebbles,  or  sand,  or  scoria^  or  angalar 
pieces  of  imbedded  stiKte,  and  no  traces  of  organic  bodies,  and  they 
are  often  as  crystalline  as  granite,  yet  are  divided  into  beds,  corre- 
sponding in  form  and  arrangement  to  those  of  sedimentaiy  fonnations, 
and  are  therefore  said  to  be  stratified.  The  beds  sometimes  consist 
of  an  alternation  of  substances  varying  in  colour,  composition,  and 
thickness,  piwsely  as  we  see  in  stratified  fossiliferoua  deposits.  Ac- 
cording to  the  Huttonian  theory,  which  I  adopt  as  the  most  probable^ 
and  which  will  be  afterwards  more  fally  explained,  the  materials  of 
these  strata  were  originally  deposited  from  water  in  the  usual  form 
of  sediment,  but  they  were  subsequently  so  altered  by  subterrsne&n 
heat,  as  to  assume  a  new  texture.  It  is  demonstrable,  in  some  cases 
at  least,  that  such  a  complete  coaverrion  has  actually  taken  plac^ 
foftsiliferous  strata  having  exchanged  an  earthy  for  a  highly  crys- 
talline texture  for  a  distance  of  a  quarter  of  a  mile  from  their  contact 
vrith  granite.  In  some  cases,  dark  limestones,  replete  with  shells  and 
corals,  have  been  turned  into  white  statuary  marble,  and  hard  clays, 
containing  vegetable  or  other  remains,  into  slates  called  mica-schist 
or  hornblende-Bcbist,  every  vestige  of  the  organic  bodies  baving  been 
obliterated. 

Although  we  are  in  a  great  degree  ignomnt  of  the  predse  natnre 
of  the  influence  exerted  in  these  cases,  yet  it  evidenUy  bears  some 
analogy  to  that  which  volcanic  heat  and  gases  are  known  to  pro- 
duce ;  and  the  action  may  be  conveniently  called  plutonic,  because  it 
appears  to  have  been  developed  in  those  regions  where  plutonic 
rocks  are  generated,  and  under  similar  circumstances  of  pressure  and 
depth  in  the  earth.  Whether  hot  water  or  steam  permeating  stratified 
masses,  or  electricity,  or  any  other  causes  have  co-operated  to  prodace 
the  crystalline  texture,  may  be  matter  of  speculation,  bat  it  is  clear 
that  the  plntonio  influence  has  sometimes  pervaded  entire  mountain 
masses  of  strata.  ' 

In  accordance  with  the  hypothesis  above  alluded  to,  E  proposed  in  } 
the  first  edition  of  the  I^incipleB  of  Geology  (1833),  the  term  '' 
"Uetamorphic"  for  the  altered  strata,  a  term  derived  &om  fura,  ' 
meta,  tranM,  and  fiopi^ti,  morphe, /orma.  I 

Hence  there  are  four  great  classes  of  rocks  considered  in  refereaoe 
to  their  origin, — the  aqueous,  the  volcanic,  the  plutonic,  and  the 
metamorphic  In  the  course  of  this  work  it  will  be  shown,  that 
portions  of  each  of  these  foor  distinct  classes  have  wiginated  at 
many  successive  periods.  They  have  ail  been  produced  contem- 
poraneously, and  may  even  now  be  in  the  progress  of  forntadon  on  % 
large  scale.  It  is  not  true,  as  was  formerly  supposed,  that  all  granit^ 
together  with  the  crystalline  or  metamorphic  strata,  were  first  formed, 
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Bud  thra«fore  entitled  to  be  called  "  printitiTe,''  and  that  the  aqoeoin 
nnd  Tolcaoic  rocka  were  af^rwards  super-imposed,  and  should,  there- 
fore, T*ak  as  secondary  in  the  order  of  time.  This  idea  was  adopted 
in  the  infancj'  of  the  science^  when  all  formations,  whether  stratified 
or  unBtratifled,  earthy  or  crTBtalline,  with  or  without  fossils,  were 
alike  regarded  as  of  aqueous  origin.  At  that  period  it  was  naturally 
u^ued,  that  the  foundation  must  be  older  than  the  superstmcture ; 
bnt  it  was  afterwards  discovered,  that  this  opinion  was  by  no  means 
in  every  instance  a  legitimate  deduction  from  facta ;  for  the  inferior 
|«rta  of  the  earth's  crust  have  often  been  modified,  and  even  entirely 
changed,  by  the  influence  of  volcanic  and  other  subterranean  causes, 
while  super-imposed  formations  have  not  been  in  the  slightest  degree 
altered.  In  other  words,  the  destroying  and  renovating  processes 
have  given  birth  to  new  rocka  below,  while  thoee  above,  whether 
crystalline  or  fossiliferouB,  have  remained  in  their  ancient  condition. 
Even  in  cities,  such  as  Venice  and  Amsterdam,  it  cannot  be  laid 
down  as  universally  trne,  that  the  upper  parts  of  each  edifice,  whether 
of  brick  or  marbl^  are  more  modem  than  the  foundations  on  which 
they  rest,  for  these  often  consist  of  wooden  piles,  which  may  have 
rotted  and  been  replaced  one  ^ter  the  other,  without  the  least  injury 
to  the  buildings  above ;  meanwhile,  these  may  have  required  scarcely 
any  repair,  and  may  have  been  constantiy  iababited.  So  it  is  with  the 
habitable  surface  of  our  globe,  in  its  relation  to  lai^  masses  of  rock 
immediately  below :  it  may  continue  the  same  for  ages,  while  sub- 
jacent materials,  at  a  great  depth,  are  passing  from  a  solid  to  a  fluid 
slate,  and  then  reconsolidating,  so  as  to  acquire  a  new  texture. 

As  all  the  crystalline  rocks  may,  in  some  respects,  be  viewed  as 
belonging  to  one  great  family,  whether  they  be  stratified  or  un- 
atrstified,  plutontc  or  metamorpfaic,  it  will  often  be  convenient  to 
speak  of  them  by  one  common  name.  It  being  now  ascertained,  as 
above  stated,  that  they  are  of  very  different  ages,  sometitues  newer 
than  the  strata  called  secondary,  the  terms  primitive  and  primary 
which  were  formerly  used  for  the  whole  must  be  abandoned,  as  they 
would  imply  a  manifest  contradiction.  It  is  indispeoBable,  therefore, 
to  find  a  new  name,  one  which  must  not  be  of  chronological  import, 
and  must  express,  on  the  one  hand,  some  peculiarity  equally  attribu- 
table to  granite  and  gneiss  (to  the  plutonic  as  welt  as  the  altered 
Tocks),  and,  on  the  other,  must  have  reference  to  characters  in  which 
those  rocks  difier,  both  from  the  volcanic  and  from  the  unaltered 
aedimentary  strata.  T  proposed  in  the  Principles  of  Geology  (first 
edition,  voLiii.),the  term  "hypt^ene"  for  this  purpose,  derived  from 
vro,  under,  and  yaofxai,  to  be,  or  lo  be  bornj  a  word  implying  the 
theory  that  granite,  ^eiss,  and  the  other  crystalline  formations  are 
alike  neUterfomed  rocks,  or  rocks  which  have  not  assumed  their 
present  form  and  structure  at  the  surface.  They  occupy  the  lowest 
place  in  the  order  of  superposition.  Even  in  regions  such  as  the  Alps, 
where  some  masses  of  granite  and  gneiss  can  be  shown  .to  be  of  com- 
paratively modem  date,  belonging,  for  example,  to  the  period  here- 
a(W  to  be  described  sa  tertiary,  they  are  still  underlying  rocks. 


,i^,Coo>^[c 


10  COMPONBTTTfi  OF  BTRATA.  CCr.  lU 

Tlief  never  repose  on  the  Tolcanic  or  tntppe&n  fbrmations,  nor  on 
strata  contuning  organic  remaaoH.  Thej  are  kypogettt,  as  "  being 
under  "  all  the  rest 

From  what  has  now  been  said,  the  reader  will  understand  that 
each  of  the  four  great  classes  of  rocka  may  be  studied  under  two 
distinct  points  of  view ;  first,  the;  may  be  studied  simplj  as  mineral 
maosea  deriving  their  origin  from  particular  causes,  and  having  a 
certain  compoaition,  form,  and  position  in  the  earth's  crust,  or  otiier 
characters  both  positive  and  negative,  such  as  the  presence  or  absence 
of  organic  remains.  In  the  aecond  plac%  the  rocks  of  each  class  ma; 
be  viewed  as  a  grand  chronological  series  of  moniunents,  attesting  a 
succession  of  events  in  the  former  history  of  the  globe  and  its  living 
inhabitants. 

I  ehall  accordingly  proceed  to  treat  of  each  family  of  rocks ;  first, 
in  reference  to  those  characters  which  are  not  chronological,  and  tiien 
in  particular  relation  to  the  several  periods  when  they  were  formed. 


CHAPTER  n. 


Uiaasl  eompoiition  of  itnta — Areaaeetnu  rocki — AigillBceoiii — Calcareooi — 
Qjpsani  —  Fomu  of  arndflcatian  —  Origiusl  borizonMlity  —  Xhlaniiig  out — Dta- 
—  Bipple  mark. 


Iir  pursuance  of  the  arrangement  explained  in  the  last  chapter,  vre 
shall  begin  by  examining  the  aqaeoua  or  aedimentary  rocks,  which 
are  for  the  most  part  distinctly  stratified,  and  contain  fossils.  We 
may  first  study  them  with  reference  to  their  mineral  composition, 
external  appearance,  poaidon,  mode  of  origin,  organic  contents,  and 
other  characters  which  belong  to  them  as  aqueous  formations,  inde- 
pendently of  their  age,  and  we  may  afterwards  consider  them  obrono- 
logically  or  with  reference  to  the  aucceasive  geological  periods  wheif 
they  originated. 

I  have  already  given  an  outline  of  the  data  whieh  led  to  the  belief 
that  the  stratified  and  fosailiferoua  rocks  were  originally  deported 
under  water;  but,  before  entering  into  a  more  detailed  inveedgataon, 
it  will  be  desirable  to  say  something  of  the  ordinary  materials  of  which 
such  strata  are  composed.  These  may  be  sud  to  belong  principally 
to  three  divisions,  the  arenaceous,  the  argillaceous,  and  the  calca- 
reous, which  are  formed  respectively  of  sand,  clay,  and  carbonate  of 
lime.  Of  these,  the  arenaceous,  or  sandy  masses,  are  chiefly  made 
up  of  siliceous  or  flinty  grains ;  the  argillaceous,  or  clayej,  of  a 
mixture  of  siliceous  matter,  with  a  cert^n  proportion,  about  a  fourth 
in  weight,  of  aluminouB  earth ;  and,  lastly,  tiiie  calcareous  rocks  or 
limestones  consist  of  carbonic  add  and  liiti& 


,i^,Coo>^[e 


Cb.  fl.]     HTNEBAL  COHFOSITIOir  OF  STRATIFIED  ItOOKB.      11 

Arenaeeoua  or  lilietout  roeki.  —  To  epeak  flnt  of  Uie  maAj  divi- 
eion;  beds  of  loose  saad  kre  freqaentij'  met  with,  of  whieh  the  gnui» 
consist  entirely  of  sUex,  which  t«nn  comprehends  all  purely  siliceous 
minemlB,  as  quartz  and  common  flint.  Quarti  is  silex  in  its  pnrast 
form.  Flint  usually  contains  some  admixtnre  of  alamine  and  oxide  of 
iron.  Tlie  siliceoas  grains  in  sand  are  nsaally  rounded,  as  if  by  the 
action  of  running  water.  Sandstone  is  an  aggregate  of  snch  grains, 
which  often  cohere  together  without  any  viuble  cement,  bnt  more 
commonly  are  bound  together  by  a  slight  quantity  of  siliceous  or 
caJcareous  matter,  or  by  iron  or  clay. 

Fore  siliceous  rocks  may  be  known  by  not  effisrvescing  when  a 
drop  of  nitric,  sulphuric  or  other  acid  is  applied  to  them,  or  by  the 
grains  not  being  readily  scratched  or  broken  by  ordinary  pressure^ 
In  nature  there  is  every  intermediate  gradation,  from  perfectly  loose 
sand,  to  the  hardest  sandstone.  In  tmeaeeovt  tandgloneM  mica  is 
very  abundant ;  and  the  thin  silvery  plates  into  which  that  mineral 
divides,  are  often  arranged  in  layers  parallel  to  the  planes  of  stt«ti- 
fication,  giving  a  slaty  or  laminated  texture  to  the  rock. 

When  sandstone  is  coarsegrained,  it  is  usually  called  grit  If  the 
grains  are  rounded,  and  lai^e  enough  to  be  called  pebbles,  it  becomes 
a  conglomerate  or  pudeUtig-ttone,  which  may  consist  of  pieces  of  one 
or  of  many  different  kinds  of  rock.  A  conglomerate,  therefore,  is 
■imply  gravel  bound  together  by  a  cement. 

ArgiUaetou*  roch. — Clay,  strictly  speaking,  is  a  mixture  of  silex 
or  flint  with  a  lai^e  proportion,  usually  about  one  fourth,  of  alnmine, 
or  argil ;  but  in  common  langui^e,  any  earth  which  possesses  suffi- 
cient ductility,  when  kneaded  up  with  water,  to  be  fashioned  like 
paste  by  the  hand,  or  by  the  potter's  lathe,  is  called  a  elt^;  and  such 
clays  vary  greatly  in  tfaetr  composition,  and  are,  in  general,  nothing 
more  than  mud  derived  from  the  decomposition  or  wearing  down  of 
rocks.  The  purest  clay  found  in  nature  is  porcelain  clay,  or  kaolin, 
which  results  from  the  decom position  of  a  rock  composed  of  felspar 
and  quartz,  and  it  is  almost  always  mixed  with  quartz.*  SAale  has 
also  the  property,  like  clay,  of  becoming  plhstic  in  water:  it  is  a  more 
solid  form  of  clay,  or  argillaceoos  matter,  condensed  by  pressure.  It 
usually  divides  into  laminn  more  or  less  regular. 

One  general  character  of  all  ai^llaceous  rocks  is  to  give  out  a 
peculiar,  earthy  odour  when  breathed  upon,  which  is  a  test  of  the 
presence  of  alnmine,  although  it  does  not  belong  to  pure  alumine, 
but,  apparently,  to  the  combination  of  that  substance  with  oxide  of 
iron.f 

Calcareota  rockt.  — This  division  comprehends  those  rocks  which, 
like  chalk,  are  composed  chiefly  of  lime  and  carbonic  add.  Shells 
and  corals  are  also  formed  of  the  same  elements,  with  the  addition 

*  IliekuiliDofChlaaCDiiuitgof  7I-1S  Dearly  equal  parti  oTiUicaiuid  ftloniine, 

Kafalex.  13-86  of  iJimime,  1-9!  of  wltli  I  per  eent  of  nu^esia.     (I%iL 

and  S-rS  of  water  (W.  BiiUipa,  Hag.  vol.  x.  18.17.) 

Uinankigy,  p.  33.);  bat  other  porcelain  t  SMW.PhiUipa'iMmeralog;,  "Aln- 

dajt  differ  matniallv,  that  of  CoraKtll  mine." 
beii^  compowd,  aceording  to  Boase,  of 
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of  uiimal  oulteT.  To  obtun  pure  lime  it  is  oecesury  to  calcine 
these  calcareous  snbstaccee,  that  is  to  saj,  to  expose  them  to  heat  of 
safficient  intensity  to  drive  off  the  carbonic  acid,  and  other  volatile 
matter.  White  chalk  is  sometimes  pore  carbonate  of  lime  ;  and  this 
rock,  although  nsualiy  in  a  soft  and  earthy  stale,  is  occasiooally 
sufficiently  solid  to  be  nsed  for  building,  and  even  passes  into  r 
eongtaet  stone,  or  a  stone  of  which  the  separate  parts  are  so  ndnute 
as  not  to  be  distingaisbable  ftom  each  other  by  the  naked  eye. 

Many  limestones  are  made  op  entirely  of  minute  fragmenla  <£ 
shells  and  coral,  or  of  calcai<eous  sand  cemented  together.  These 
last  might  be  called  "  calcareoos  sandstonee ; "  but  that  term  is  more 
properly  applied  to  a  rock  in  which  the  grains  are  partly  calcareous 
and  partly  eiliceons,  or  to  quartzose  sandstones,  having  a  cement  of 
carbonate  of  lime. 

The  variety  of  limestone  called  "oolite"  is  composed  of  numerous 
small  e^-like  grains,  resembling  tho  roe  of  a  fish,  each  of  which  has 
usually  a  small  fragment  of  sand  as  a  nucleus,  around  which  con- 
centric layers  of  calcareous  matter  have  accumulated. 

Any  limestone  which  is  sufficiently  hard  to  take  a  fine  polish  is 
called  marble.  Many  of  these  are  fossiliferoQS ;  but  statuary  marble^ 
which  is  also  called  saccharina  limestone,  as  having  a  texture  re- 
sembling that  of  loaf-sugar,  is  devoid  of  fossils,  and  is  in  many  cases 
a  member  of  the  metamorphic  series. 

SiUeeoui  limettone  is  an  intimate  mixture  of  carbonate  of  lime  and 
flint,  and  is  harder  in  proportion  as  the  flinty  matter  predominates. 

The  presence  of  carbonate  of  lime  in  a  rock  may  be  ascertained 
by  applying  to  the  surface  a  small  drop  of  diluted  sulphuric,  nitric, 
or  muriatic  acids,  or  strong  vinegar ;  for  the  lime^  having  a  greater 
chemical  affinity  for  any  one  of  these  adds  than  for  the  carbonit^ 
unit«s  immediately  with  them  to  form  new  compounds,  thereby  be- 
coming a  sulphate,  nitrate,  or  muriate  of  lime.  The  carbonic  acid, 
when  thus  liberated  from  its  union  with  the  lime,  escapes  in  a  gaseous 
form,  and  froths  up  or  eflervesces  as  it  makes  its  way  in  small  bubbles 
through  the  drop  of  liquid.  This  effervescence  is  brisk  or  feeble  in 
proportion  as  the  limestone  is  pare  or  impure,  or,  in  other  words, 
according  to  the  quanti^  of  foreign  matter  mixed  with  the  carbonate 
of  lime.  Without  the  ud  of  this  test,  the  most  experienced  eye 
cannot  always  detect  the  presence  of  carbonate  of  lime  in  rocks. 

The  above-mentioned  three  classes  of  rocks,  the  siliceous,  ai^- 
laceoos,  and  calcareoos,  pass  continually  into  each  other,  and  rarely 
occur  in  a  perfectly  separate  and  pure  form.  Thus  it  is  an  exception 
to  the  general  rule  to  meet  with  a  limestone  as  pure  as  ordinary 
white  chalk,  or  with  clay  as  aluminous  as  that  used  in  Cornwall  for 
porcelun,  or  with  sand  so  entirely  composed  of  siliceous  grains  aa  the 
white  sand  of  Alum  pay  in  the  Isle  of  Wight,  or  sandstone  so  pure 
as  the  grit  of  Fontainebleaa,  used  for  pavement  in  France.  More 
commonly  we  flnd  sand  and  clay,  or  clay  and  marl,  intermixed  in  the 
same  mass.  When  the  sand  and  clay  are  each  in  considerable 
quantity,  the  mixture  is  called  loam.    If  there  is  much  calcareous 
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matter  in  cla7itiB  called  maW,'  but  this  term  hai  nafortunatelj  beeii 
used  so  vaguely,  u  often  to  be  verr  unbignonB.  It  hae  been  applied 
to  sabetances  in  which  there  is  no  lime ;  as,  to  that  red  loam  osnallj 
called  red  marl  in  certun  parts  of  EDgland.  Agricultnriats  were 
in  the  habit  of  calling  an;  soil  a  marl,  which,  like  true  marl,  fell  to 
pieces  readily  on  exposure  to  the  air.  Hence  arose  the  confusion  of 
using  this  name  for  soils  which,  consisting  of  loam,  were  easily 
worked  by  the  plough,  though  devoid  of  lime. 

Marl  tiate  bears  the  same  relation  to  marl  which  shale  bears  to 
cky,  being  a  calcareous  shale.  It  is  very  abundant  in  some  countries^ 
as  in  the  Swiss  Alps.  Argillaoeous  or  marly  limestone  is  also  ti 
cmnmon  occurrence. 

There  are  few  other  kinds  of  rock  which  enter  so  largely  into  the 
composition  of  sedimentary  strata  as  to  make  it  necessary  to  dwell 
Iktq  on  their  characters.  I  may,  bowever,  mention  two  others, — 
magnefflan  limestone  or  dolomite,  and  gypeam.  Magattian  limetUmt 
ia  composed  of  carbonate  of  lime  and  carbonate  of  magnesia ;  the 
proportion  of  the  latter  amounting  in  some  cases  to  nearly  one  half. 
It  effervesces  much  more  slowly  and  feebly  with  acids  than  common 
limestone.  In  England  this  rock  is  generally  of  a  yellowish  colour ; 
but  it  varies  greatly  in  minerah^ical  character,  passing  from  an 
earthy  state  to  a  white  compact  stone  of  great  hardness.  DdUmite, 
•0  common  in  many  parts  of  Germany  and  France,  is  also  a  variety 
of  magnesian  limestone,  usually  of  a  granular  texture. 

Gypium. — Gypsum  is  a  rock  composed  of  sulphuric  acid,  lime, 
and  water.  It  is  oaually  a  sofit  whitish-yellow  rock,  with  a  texture 
resembling  that  of  loaf-atigar,  but  sometimes  it  is  entirely  composed 
of  lenticular  crystals.  It  is  insoluble  in  adds,  and  does  not  effervesce 
like  cbalk  and  dolomite,  because  it  does  not  contain  carbonic  acid 
gas,  or  fixed  air,  the  lime  being  already  combined  with  sulphuric 
acid,  for  which  it  has  a  stronger  affinity  than  for  any  other.  An- 
hydrous gypsum  is  a  rare  variety,  into  which  water  does  not  enter 
as  a  component  part.  Gypseous  marl  is  a  mixture  of  gypsum  and 
marL  Alabaster  is  a  granular  and  compact  variety  of  gypsum  found 
in  masses  large  enough  to  be  used  in  sculpture  and  archit«ctare.  It 
is  sometimes  a  pure  snow-white  substance,  as  tliat  of  Tolterra  in 
Tuscany,  well  known  as  being  carved  for  works  of  art  in  Florence 
and  l^hom.  It  is  a  softer  stone  than  marble,  and  more  easily 
wrought 

Pormt  t^  tlratifieation. — A  series  of  strata  sometimes  consists  of 
otte  of  the  above  rocks,  sometimes  of  two  or  more  in  alternating  beds. 
Thus,  in  the  coal  districts  of  England,  for  example,  we  often  pass 
through  several  beds  of  sandstone,  some  of  finer,  others  of  coarser 
grain,  some  white,  others  of  a  dark  colour,  and  below  these,  layers 
of  shale  and  sandstone  or  beds  of  shale,  diviuble  into  leaf-like  lamine, 
and  containing  beautiful  impressions  of  plants.  Then  again  we  meet 
with  beds  of  pure  and  impure  coal,  alternating  with  shales  and  sand- 
stones, and  underneath  the  whole,  perhaps,  are  calcareous  strata,  or 
beds  of  limestone,  filled  with  corals  and  marine  shells,  each  bed  dis- 
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tinguishftble  from  aootlier  hj  certain  fowils,  or  bj  the  abnndaaoe  of 
particular  apeciee  of  sbells  or  zoophytes. 

This  altCTQation  of  difierent  kinds  of  rock  produces  tits  most  dift. 
tinct  stratification ;  aod  we  often  find  beds  of  limestone  and  marl, 
conglomerate  and  sandstone,  sand  and  clay,  recurring  again  and  again, 
in  nearly  regular  order,  throughout  a  series  of  many  hundred  strata. 
The  causes  which  may  produce  these  pbenomraa  are  varioas,  and 
have  been  fully  discussed  in  my  treatise  on  the  modem  changes  of 
the  earth's  surface.*  It  is  there  seen  that  rirers  Sowing  into  lakes 
and  seas  are  charged  with  sediment,  varying  in  quantity,  c<HDpoBition, 
colour,  and  gnun  according  to  the  seasons ;  the  waters  are  sometimefl 
flooded  and  rapid,  at  other  periods  low  and  feeble ;  different  tribu- 
taries, also,  draining  peouliar  countries  and  soils,  and  therefore 
chained  with  peculiar  sediment,  are  swollen  at  distinct  periods.  It 
was  also  shown  that  the  waves  of  the  sea  and  currents  undermine  tlie 
cliffs  during  wintry  storms,  and  sweep  away  the  materials  into  tbe 
deep,  after  which  a  season  of  tranquiUity  succeeds,  when  nothing  but 
the  finest  mud  is  spread  by  the  movements  of  the  ocean  over  die 
same  submarine  area. 

It  is  not  the  object  of  tbe  present  work  to  give  a  description  of 
these  operatMHM,  repeated  as  they  are,  year  after  year,  and  century 
after  century ;  but  I  may  suggest  an  ezplanatioD  of  tite  manner  in 
which  some  micaceous  sandstones  have  originated,  namely,  those  in 
which  we  see  innumerable  thin  layers  of  mica  dividing  layers  of  fine 
quartzose  sand.  I  observed  the  same  arrangement  of  materials  ia 
recent  mud  deposited  in  the  estuary  of  La  Roche  9t  Bernard  in  Hrit- 
tany,  at  the  mouth  of  the  Loire.  The  surrounding  rocks  are  of  gneiss, 
which,  by  its  waste,  supplies  the  mud :  when  this  dries  at  low  water, 
it  is  found  to  c<msi8t  of  brown  laminated  clay,  divided  by  thin  seama 
of  mica.  The  separation  of  tbe  mica  in  this  case,  or  in  that  of  mica- 
ceous sandstones,  may  be  thus  understood  If  we  take  a  handful  of 
quartzose  sand,  mixed  with  mica,  and  throw  it  into  a  clear  running 
stream,  we  see  tbe  materials  immediately  sorted  by  the  vrater,  the 
grains  of  quartz  falling  almost  directly  to  the  bottom,  while  the  plates 
of  mica  take  a  much  longer  time  to  reach  the  bottom,  and  are  carried 
farther  down  the  stream.  At  the  first  instant  the  water  is  turbid,  but 
immediately  after  the  flat  surfaces  of  the  plates  of  mica  are  seen  all 
alone  reflecting  a  silveiy  light,  as  they  descend  slowly,  to  foml  a  dis- 
tinct micaceous  lamina.  The  mica  is  the  heavier  mineral  of  the  two ; 
but  it  remains  a  longer  time  suspended  in  the  fluid,  owing  to  its 
greater  extent  of  surface.  It  is  easy,  therefore,  to  perceive  that 
where  such  mud  is  acted  upon  by  a  river  or  tidal  current,  the  thin 
plates  of  mica  will  be  carried  farther,  and  not  deposited  in  the  same 
places  as  tbe  grains  of  quartz ;  and  nnce  tbe  force  and  veloci^  <^  the 
sti«am  varies  from  time  to  time,  layers  of  mica  or  of  sand  will  be 
thrown  down  successively  on  the  same  area. 

Oriffinal  horaontaUty.— It  is  said  generally  that  the  npper  and 

*  Coonilt  Index  to  Priociples  of  Ocoli%7,  "  Stndficstioii,''  ■■  Correal*,'' 
"  Dellu,"  **  Wster,"  4c 
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iiader  aardues  of  Btrat&,  of  the  "  planes  of  strati fication,"  are  parallel. 
Although  this  is  not  Btrictly  trae,  thejmake  an  approach  to  paralleliein, 
for  the  Bame  reason  that  eediraent  is  nsnalty  deposited  at  first  in  nearlj 
horizontal  lajers.  The  reason  of  this  arrangement  can  by  no  means 
be  attributed  to  an  original  evenness  or  horizontality  in  the  bed  of  the 
sea :  for  it  is  ascertained  that  in  those  places  where  no  matter  has  been 
recently  deposited,  the  bottom  of  the  ocean  is  often  as  uneven  as  that 
of  the  dry  land,  having  in  like  manner  its  MUs,  valleys,  and  ravines. 
Tet  if  the  sea  shonld  sink,  or  the  water  be  removed  near  the  mouth 
of  a  large  river  where  a  delta  has  been  forming,  we  shonld  se« 
extensive  plains  of  mud  and  sand  laid  dry,  which,  to  the  eye,  would 
appear  perfectly  level,  although,  in  reality,  they  would  slope  gently 
from  the  land  towards  the  sea. 

This  tendency  in  newly-fonned  strata  to  assume  a  horizontal  posi- 
tion arises  }>rincipally  from  the  motion  of  the  water,  which  forces 
along  particlee  of  sand  or  mud  at  the  bottom,  and  causes  them  to 
settle  in  hollows  or  depressions  where  they  ore  less  exposed  to  the 
force  of  a  cnrrent  than  when  they  are  resting  on  elevated  points. 
The  velocity  of  the  current  and  the  motion  of  the  superficial  waves 
diminish  from  the  surface  downwards,  and  are  least  in  those  depres- 
sions  where  the  water  is  deepest 

A  good  illustration  of  die  principle  here  alluded  to  may  be 
scmelJmes  seen  in  the  neighbourhood  of  a  volcano,  when  a  section, 
whether  natural  or  artificial,  has  laid  open  to  view  a  succession  of 
varions-cotonred  layers  of  sand  and  ashes,  which  have  fallen  in 
showers  upon  uneven  ground.  Thus  let  A  B  (fig.  1.)  be  two  ridges, 
with  an  intervening  valley.  These  original  inequalities  of  the 
surface  have  been  gradually  effaced  by  beds  of  sand  uid  ashes 
e,  d,  e,  the  surface  at  t  being  quite  level.  It  will  be  seen  that, 
■Ithougli  the  materials  of  the  first  layers  have  accommodated  them- 
selves in  a  great  d^ree  to  the  shape 
of  the  ground  A  B,  yet  each  bed  ia 
thickest  at  the  bottom.  At  first  a 
great  many  particles  would  be  carried 
by  their  own  gravity  down  the  steep 
Bides  of  A  and  B,  and  otbers  wonld  afterwards  be  blown  by  the  wind 
aa  they  fell  off  the  ridges,  and  would  settle  in  the  boUow,  which 
would  thus  become  more  and  more  effaced  as  the  strata  accumulated 
from  c  to  e.  Tliis  levelling  operation  may  perhaps  be  rendered  more 
clear  to  the  student  by  supposing  a  number  of  parallel  trenches  to  be 
dog  in  a  plain  of  moving  sand,  like  the  African  desert,  in  which  case 
the  wind  would  soon  cause  all  signs  of  these  trenches  to  disappear, 
and  the  surface  would  be  ss  uniform  as  before.  Now,  water  in 
motion  can  exert  this  levelling  power  on  similar  materials  more 
easily  than  ur,  for  almost  all  stones  lose  in  water  more  than  a  third 
of  the  weight  which  they  have  in  atr,  the  specific  gravity  of  rocks 
being  in  general  as  2^  when  compared  to  that  of  water,  which  is 
estimated  at  1.  But  the  buoyancy  of  sand  or  mud  would  be  still 
greater  in  the  sea,  as  the  density  of  salt  water  exceeds  that  of  Iresh. 
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Tet,  bowever  uniform  and  horkonul  maj  be  the  sarlace  of  new 
deposits  in  general,  there  are  still  many  disturbing  caoMa,  aacli  as 
eddies  in  tlie  water,  and  cnrrenta  moring  first  in  one  and  then  in 
another  direction,  which  freqnentlj  caose  irregnlarities.  We  maj 
aomedmea  follow  a  bed  of  limestone,  shale,  or  sandstcHie,  for  a  dis- 
tance of  manj  hundred  i^ards  continuously  i  but  we  generally  find 
St  luigth  that  each  individual  stratnm  thins  out,  and  allows  the  beds 
which  were  previously  above  and  below  it  to  meet.  If  the  materials 
are  coarse,  as  in  grits  and  oonglomeratea,  the  same  beds  c%a  itxdj 
be  traced  nuuiy  yards  without  varying  in  size,  uid  often  coming  to  an 
end  abruptly.    (See  fig.  2.) 


Diagonal  or  crott  ttratijication There  is  also  another  phe- 
nomenon of  frequent  occurrence.  We  find  a  series  of  larger  strata, 
oacli  of  which  is  composed  of  a  number  of  minor  layers  placed 


obliquely  to  the  general  planes  of  stratification.  To  this  diagonal 
arrangement  the  name  of  "false  or  cross  stratification "  has  been 
given.  Thus  in  the  annexed  section  (fig.  3.)  we  sec  seven  or  eight 
large  beds  of  loose  sand,  yellow  and  brown,  and  the  lines  a,b,c, 
mark  some  of  the  principal  planes  of  atratificatioo,  which  are  nearly 
boriaontaL  But  the  greater  part  of  the  subordinate  laminie  do  not 
conform  to  these  planes,  but  have  often  a  steep  slope,  the  inclination 
being  sometimes  towards  opposite  points  of  the  compass.  When  the 
sand  is  loose  and  incoherent,  as  in  the  case  here  represented,  the 
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deriation  from  pmrallelisin  of  the  st&ntiiig  Ududk  cannot  possibly  be 
Koounted  for  by  any  re-airangement  of  the  particles  acqaired  daring 
the  coDBoUda^on  of  the  rock.  In  what  manner  then  can  each  irre- 
gularitiea  be  due  to  original  depowtionF  We  most  suppose  that  at 
the  bottom  of  the  kb,  as  well  as  in  the  beds  of  rivers,  the  motions  of 
waves,  cnrrents,  and  eddies  often  canae  mud,  sand,  and  gravel  to  be 
thrown  down  in  heaps  on  particular  spots  instead  of  being  spread 
out  nnifonnl;  over  a  wide  area.  Sometimes,  when  banks  are  thug 
formed,  currents  may  cut  passages  through  them,  just  as  a  river 
forms  its  bed.    Suppose  the  bank  A  (fig.  4.)  to  be  thus  formed  with 


a  steep  sloping  side,  and  the  water  being  in  a  tranquil  8tat«,  the  layer 
of  sediment  No.  1.  is  thrown  down  upon  it,  conforming  nearly  to  its 
Buifsce.  Afterwards  the  otlier  layers,  2,  3,  4,  may  be  deposited  in 
succession,  so  that  the  bank  B  C  D  is  formed.  If  the  current  then 
increases  in  velocity,  it  may  cut  away  the  upper  portion  of  this  mass 
down  to  the  dotted  line  e  (fig.  4.),  and  deposit  the  materials  thus 
removed  farther  on,  so  as  to  form  the  layers  5,  6,  7,  8.  We  have 
now  the  bank  B  C  D  E  (fig.  5.),  of  which  the  surface  is  almost  level 
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and  on  which  the  nearly  horizontal  layers,  9,  10,  II,  may  then 
accumulate.  It  was  shown  in  fig.  3.  that  the  diagonal  layers  of  suc- 
cessive strata  may  sometimes  have  an  opposite  slope.  This  is  well 
seen  in  some  cliffs  of  loose  sand  on  the  Suffolk  uoast  A  portion 
^iR'^  of  one  of  these  is  represented  in 

fig.  6.,  where  the  layers,  of  which 
there  are  about  six  in  the  thick- 
ness of  an  inch,  are  composed  of 
qaortiose  grains.  This  arrange- 
ment may  have  been  due  to  the 
altered  direction  of  the  tides  and 
currents  in  the  same  place, 
above  given  of  the  slanting  position  of  the  minor 
certain  cases  applicable  on  a 


The  description 
layers  constituting  a  single  stratum  is  : 

much  grwider  scale  to  masses  several  hundred  feet  thick,  and  many 
miles  ia  extent.  A  fine  example  may  be  seen  at  the  base  of  the 
Maritime  Alps  near  Mice.     The  mountains  here  terminate  abruptly 
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in  the  sek,  bo  tb>t  k  depth  of  many  hundred  fftthoms  u  often  fonnd 
within  a  stone's  throw  of  the  beach,  and  Mmetimee  a  depHi  of  300O 
feet  within  half  a  mile.  Bot  at  certain  points,  strata  of  sand,  marl, 
or  coDgltxnerate,  iaterrene  between  the  shore  and  the  mountains,  as 
in  the  annexed  fig.  (7.),  where  a  vast  succeesioa  of  sUuting  beds 


of  grarel  and  sand  ma^  be  traced  from  the  sea  to  Monte  Cairo,  a 
distance  of  no  less  than  9  miles  in  a  strught  line.  The  dip  of  these 
beds  is  remarkably  uniform,  being  always  southward  or  towards  the 
Mediterranean,  at  ui  angle  of  about  25".  They  are  exposed  to  view 
in  nearly  vertical  precipices,  yarying  from  200  to  €00  feet  in  height, 
which  bound  the  valley  through  which  the  river  Uagnan  flows. 
Although,  in  a  general  view,  the  strata  appear  to  b^  parallel  and 
uniform,  they  are  nevertheless  found,  when  examined  closely,  to  be 
wedge-shaped,  and  to  thin  out  when  followed  for  a  few  hundred  feet 
or  yards,  eo  that  we  may  suppose  them  to  have  been  thrown  down 
originally  upon  the  side  of  a  steep  bank  where  a  river  or  alpine 
torrent  discharged  Itself  into  a  deep  and  tranquil  sea,  and  formed  a 
delta,  which  advanced  gradually  from  the  base  of  Monte  Cairo  to  a 
distance  of  9  miles  from  the  original  shore.  If  subsequently  this 
part  of  the  Alps  and  bed  of  the  sea  were  raised  700  feet,  the  coast 
would  acquire  its  present  configuration,  the  delta  would  emerge,  and 
a  deep  channel  might  then  be  cut  through  it  by  a  river. 

It  is  well  known  that  the  torrents  and  streams,  which  now  descend 
fVom  the  alpine  declivities  to  the  shore,  bring  down  annually,  when 
the  snow  melts,  vast  quantities  of  shingle  and  sand,  and  then,  as  they 
subside,  fine  mud,  while  in  summer  they  are  nearly  or  entirely  dry  ; 
BO  that  it  may  be  safely  assumed,  that  deposits  like  those  of  the  valley 
of  the  Msgnan,  consisting  of  coarse  gravel  alternating  with  6ne 
sedimeot,  are  still  in  progress  at  many  points,  as,  for  instance,  at  the 
mouth  of  the  Var.  They  must  advance  upon  the  Mediterranean  in 
the  form  of  great  shoals  terminating  in  a  steep  talus ;  such  being  the 
original  mode  of  accumulation  of  all  coarse  materials  conveyed  into 
deep  water,  especially  where  they  are  composed  in  great  part  of 
pebbles,  which  cannot  be  transported  to  indefinite  distances  by  cor- 
renta  of  moderate  velocity.  By  inattention  to  facts  and  inferences 
of  this  kind,  a  very  exaggerated  estimate  has  sometimes  been  made 
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of  the  supposed  depth  of  the  ancient  ocmn.  There  can  be  no  doubt, 
for  example,  that  die  strata  a,  fig.  7.,  or  those  nearest  to  Abmte 
CUto,  are  older  than  those  indicated  hj  b,  and  these  again  were 
formed  before  c  ;  but  the  vertical  depth  of  gravel  and  sand  in  any 
one  place  cannot  be  proved  to  amount  even  to  1000  feet,  although 
it  maf  perhaps  be  much  greater,  yet  probabljr  never  exceeding  at 
aay  point  3000  or  4000  feet  But  were  we  to  assume  that  all  the 
Strata  were  once  horicontal,  and  that  their  present  dip  or  inclination 
was  due  to  subsequent  movements,  we  should  then  be  forced  to  con- 
clude, that  a  sea  9  miles  deep  had  been  filled  up  with  alternate  layers 
of  mud  and  pebbles  thrown  down  one  upon  another. 

In  tbe  locality  now  under  consideration,  situated  a  few  miles  to  the 
west  of  Nice,  there  are  many  geological  data,  the  details  of  which 
cannot  be  given  in  this  place,  all  leading  to  the  opinion,  that  when 
the  deposit  of  the  Magnan  was  formed,  tbe  shape  and  outline  of  tJie 
alpine  declivities  and  tbe  shore  greatly  resembled  what  we  now 
behold  at  many  points  in  the  neighbourhood.  That  the  beds,  o,  h,  e,  d, 
are  of  comparatively  modem  date  is  proved  by  this  fact,  that  in  seams  ' 
of  loamy  marl  intervening  between  the  pebbly  beds  are  fossil  shells, 
half  of  which  belong  to  species  now  living  in  the  Mediterranean. 

Ripplt  mark. — The  ripple  mark,  bo  common  on  the  surface  of 
sandstones  of  all  ages  (see  tig.  8.\  and  which  is  so  oflen  peen  on  the 


sea-shore  at  low  tide,  seems  to  originate  in  the  drifting  of  materiiilH 
along  the  bottom  of  the  water,  in  a  manner  very  similar  to  ttiat  which 
mny  explain  the  inclined  layers  above  described.  This  ripple  is  not 
entirely  confined  to  tbe  beacb  between  high  and  low  watermark,  but 
is  also  produced  on  sands  which  are  constantly  covered  by  water. 
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Similar  undulating  ridges  and  farrows  may  also  be  Bometimee  seen 
on  the  surface  of  drift  snow  and  blown  sand.  The  following  is  the 
manner  in  which  I  once  observed  the  motion  of  the  air  to  produce 
this  effect  on  a  large  extent  of  lerel  beach,  exposed  at  low  tide  sear 
Calais.  Clouds  of  fine  wliite  aand  were  blown  from  the  neighbour- 
ing dunes,  so  as  to  cover  the  ahore,  and  whiten  a  dark  level  sur- 
face of  sandy  mud,  and  this  freeh  covering  of  sand  was  beautifully 
rippled.  On  levelling  all  the  smalt  ridges  and  furrows  of  this  ripple 
over  an  area  of  several  jards  square,  I  saw  them  perfectly  restored  in 
about  ten  minutes,  the  general  direction  of  the  ridges  being  always  at 
right  angles  to  that  of  the  wind.  The  restoration  began  by  the  ap- 
pearance here  and  there  of  small  detached  heaps  of  sand,  which  soon 
lengthened  and  joined  together,  so  as  to  form  long  sinuous  ridgee  with 
intervening  farrows.  Each  ridge  had  one  side  slightly  inclined,  and 
the  other  steep ;  the  lee-side  being  always  steep,  as  b,  e, — d,  e ;  the 
windward-nde  a  gentle  slope,  as  a,  b,  — c,  d,  fig.  9.     When  a  gust  of 


wind  blew  with  suffiuent  force  to  drive  ^ong  a  cloud  of  sand,  all 
the  ridges  were  seen  to  be  in  motion  at  once,  each  encroaching  on 
the  furrow  before  it,  and,  in  the  coarse  of  a  few  tninates,  filling  the 
place  which  the  furrows  had  occupied.  Hie  mode  of  advance  was 
by  the  continual  drifting  of  gruns  of  sand  up  the  slopes  a  b  and  e  d, 
many  of  which  grains,  when  they  arrived  at  h  and  d,  fell  over  the 
scarps  b  e  and  d  e,  and  were  under  shelter  from  the  wind  ;  bo  that 
they  remained  stationary,  resting,  according  to  their  shape  and  mo- 
mentum, on  different  parts  of  the  descent,  and  a  few  only  rolling  to 
the  bottom.  In  this  manner  each  ridge  was  dbtinctly  seen  to  move 
slowly  on  as  often  as  the  force  of  the  wind  augmented.  Occasionally 
part  of  a  rii^;e,  advaninng  more  rapidly  than  the  rest,  overtook  the 
ridge  immediately  before  it,  and  became  confounded  with  it,  thus 
causing  those  bifurcations  and  branches  which  are  so  common,  and 
two  of  which  are  seen  in  the  slab,  fig.  8.  We  may  observe  this  con- 
figuration in  Bandstones  of  all  ages,  and  in  them  alsi^  as  now  aa 
the  sea-coast,  we  may  often  detect  two  systems  of  ripples  interfering 
with  each  other ;  one  more  ancient  and  half  effaced,  and  a  newer  one, 
in  which  the  grooves  and  ridges  are  more  distinct,  and  in  a  different 
direction.  This  crossing  of  two  sets  of  ripples  arises  from  a  change 
of  wind,  and  the  new  direction  in  which  the  waves  are  t^wn  oo  the 
shores 

The  ripple  mark  is  usually  an  indication  of  a  sea-beach,  or  of 
water  from  6  to  10  feet  deep,  for  the  agitation  caused  by  waves  even 
during  Bterms  extends  to  a  very  sl^ht  depth.  To  this  rule,  however, 
there  are  some  exceptions,  and  recent  ripple  marks  have  been  ob- 
served at  the  depth  of  60  or  70  feet.  It  has  also  been  ascertained  that 
currents  or  large  bodies  of  water  in  motion  may  disturb  mad  and 
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nnd  Bt  the  depth  of  300  or  even  450  feet*  Beach  ripple,  however, 
nuj  DsmUj  be  distinguished  from  current  ripple  bj  frequeat  cbaageB 
in  its  direction.  In  a  slab  of  Bandstone^  not  more  than  an  inch  thick, 
the  farrows  or  ri^es  of  «n  ancient  ripple  maj  often  be  seen  in  several 
■oecesaive  laminn  to  ran  towards  different  points  of  the  compass. 


CHAPTER  in. 

ABswamzMT  or  iossils  m  strata  —  fbbshwatkb  add  marine. 

SocconTe  depceitkm  iiidicatrdb;fbarili— IJine»lon««(bniicdofcorabaiidBhelb — 
Frix)&  of  gTmda&l  increue  of  Itnla  derived  from  foailg  —  SeipaU  attached  to 
^•(■nguB^Wood  bored  by  teredina — Tripoli  and  »emi.op«J  temed  of  infnaoiia 
— Clialk  darired  jxindpallf  Ihnn  orgnitic  bqdies — Distinction  of  freshwater  fnou 
marine  fimitUioii) — Genera  of  Ireahwater  and  land  ahelli — Buleafbr  recogniziag 
raarine  teatacea — QjrogDnhe  and  cbam — Freshirater  flibei — AlteniadoD  of 
marine  and  &«ihwater  depcMiu — Lym-Fiord. 

Hatiho  in  the  ISiSt  chapter  considered  the  forms  of  stratification  so 
far  as  they  are  determined  hj  the  arrangement  of  inorganic  matter, 
we  may  now  turn  our  attention  to  the  manner  in  which  organic  re- 
maiDs  are  dietribnted  through  stratified  deposits.  We  should  often 
be  unable  to  detect  anj  signs  of  stratificatioD  or  of  Buccessive  deposi- 
tion, if  particular  kinds  of  fossils  did  not  occur  here  and  there  at 
certain  depths  in  the  mass.  At  oue  level,  for  example,  univalve  shells 
of  some  one  or  more  species  predominate  ;  at  another,  bivalve  shelli ; 
and  at  a  third,  corals  ;  while  in  some  formations  we  find  layers  of 
v^etable  matter,  commonly  derived  from  land  plants,  separating 
strata. 

It  may  appear  inconceivable  to  a  beginner  how  mountains,  several 
thousand  feet  thick,  can  have  become  filled  with  fossils  from  top  to 
bottom ;  but  the  difficulty  is  removed,  when  he  reflects  on  the  origin 
of  strattflcation,  as  explained  in  the  last  chapter,  and  allows  sufficient 
dme  for  the  accumulation  of  sediment.  He  must  never  lose  sight  v^ 
the  fact  that,  during  the  process  of  deposition,  each  separate  layer 
was  once  the  uppermost,  and  covered  immediately  by  the  water  in 
which  aquatic  animals  lived.  Each  stratum  in  fact,  however  far  it 
may  now  lie  beneath  the  surface,  was  once  in  the  state  of  shingle,  or 
looee  sand  or  soft  mad  at  the  bottom  of  the  sea,  in  which  shells  and 
other  bodies  easily  became  enveloped. 

By  attending  to  the  nature  of  these  remains,  we  are  often  enabled 
to  determine  whether  the  depoeitioD  was  slow  or  rapid,  whether  it 
took  place  in  a  deep  or  shallow  sea,  near  the  shore  or  far  from  land, 
and  whether  the  water  was  salt,  brackiah,  or  &eeh.  Some  limestones 
eonust  almost  exclusively  of  corals,  and  in  many  cases  it  is  evident 

*  Edin.  Noir  I%iL  Jonm.  toL  xxzi.)  and  Darwin,  YoJc  blaadi,  p.  134. 
c  3 
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th&t  the  present  poution  of  each  fossil  zooph;fto  bas  been  detemiiiied 
by  the  manner  in  which  it  grew  originally.  The  axis  of  the  coral, 
for  example,  if  its  natural  growth  is  erect,  still  remains  at  right  angle* 
to  the  plane  of  stratification.  If  the  stratum  be  now  horizoDtal,  the 
round  spherical  heads  of  cert^n  species  continue  uppermost,  and 
their  points  of  attachment  are  directed  downwards.  This  arrange- 
ment is  eometimes  repeated  throughout  a  great  snccession  of  strata. 
From  what  we  knov  of  the  growth  of  similar  zoophytes  in  modem 
reefs,  we  infer  that  the  rate  of  increase  was  extremely  slow,  and  some 
of  the  fossils  must  hare  flourished  for  ages  like  forest  trees,  before 
they  attained  so  large  a  size.  During  these  ages,  the  water  remained 
clear  and  transparent,  for  such  corals  cannot  live  in  turbid  water. 

In  like  manner,  when  we  see  thousands  of  full-grown  shells  dis- 
persed every  where  throughout  a  long  series  of  strata,   we  cannot 
doubt  that  time  was  required  for  the  multiplication  of  successire 
generations ;  and  the  evidence  of  slow  accumulation  is  rendered  more 
striking  from  the  proofs,  so  often  discovered,  of  fossil  bodies  having 
lun  for  a  time  on  the  floor  of  the  ocean  after  death  before  they  were 
imbedded  in  sediment.     Nothing,  for  example^  is  more  common  than 
to  see  fossil  oysters  in  clay,  with  serpuke,  or  barnacles  (acom-shclls), 
or  corals,  and  other  creatures,  attached  to  the  inside  of  the  valves,  so 
that  the  moUusk  was  certainly  not  bnried  in  argillaceous  mud  the 
moment  it  died.     There  must  have  been  an  interval  during  which  it 
was  still  surrounded  with  clear  water,  when  the  creatures  whose  re- 
mains now  adhere  to  it,  grew  from  an  embryo  to  a  mature  state. 
Attached  shells  which  are  merely  external,  like  some  of  the  ser- 
pul«  (o)  in  the  annexed  figure  (fig,  10.),  may  often  have  grown 
upon  an  oyster  or  other  shell  while  the  animal  within  was  still  living; 
but  if  they  are  found  on  the  inside, 
it  could  only  happen  after  the 
death  of  the  inhabitant  of  the  shell 
which  affords  the  support.     Thus, 
in  fig.  10.,  it  will  be  seen  that  two 
serpulffi  have  grown  on  the  inte- 
rior, one  of  them  exactly  on  the 
place  where  the  adductor  muscle 
of  the  Gryphtea  (a  kind  of  oyster) 
w>i3  fixed. 

Some  fossil  shells,  even  if  simply 
.  attached  to  the  outside  of  others, 
i  bear  full  testimony  to  the  conclu- 
sion above  alluded  to,  namely,  that 
an   interval  elapsed  between  the 
death   of  the  creature  to  whose 
shell  they  adhere,  and  the  burial  of 
the  same  in  mud  or  sand.  The  sea- 
urchins  or  Eekim,  so  abundant  in 
white  chalk,  afford  a  good  illustra- 
'^''*''*  i!,Tr.;^StSft^'SJ™"''^'°*  liun.     It  is  well  known  that  theee 
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uumaU,  when  linog,  are  inTariablf  covered  with  nnmerous  sackers, 
or  gelatinous  tnbes,cftlled  "unbultLcral,'' because  thef  serve  as  orgima 
of  molion.  Thej  are  also  armed  with  spines  supported  b^  rows  of 
tubercles.  These  last  are  only  seen  after  tbe  death  of  the  sea-urchin, 
when  the  spines  have  dropped  off.  In  fig.  12.  a  living  speciea  of 
Spatangut,  common  on  our  coast,  is  repi-eeented  with  one  half  of  ila 


f 


shell  stripped  of  the  spines.  In  fig.  11.  a  fossil  of  the  same  genus 
&om  the  wliite  chalk  of  England  shows  the  naked  surface  which  the 
individoals  of  this  family  exhibit  when  denuded  of  their  bristles. 
The  full-grown  Serpula,  therefore,  which  now  adheres  externailj, 
could  not  hftve  begun  to  grow  tall  the  Spatangut  had  died,  and  the 
spines  were  detached. 

Now  the  series  of  events  here  attested  by  a  single  fossil  may  be 
carried  a  step  farther.     Thus,  for  example,  we  often  meet  with  a  sea- 
urchin  in  the  chalk  (see  fig.  13.),  which  has  fixed  to  it  the  lower 
valve  of  a  Crania,  a  genus  of  bivalve  mollusca.      The  upper  valve 
Tit.  11.  (^<  ^S'  ^B)  'B  almost  invariably  wanting,  though 

*  "  occasionally  fonndin  a  perfect  state  of  preservation 

in  while  cb&lk  at  some  distance.     In  this  case,  we 
see  clearly  that  the  sea-urchin  first  lived  from  youth 
to  i^e,  then  died  and  lost  its  spines,  which  were 
carried  away.     Then  the  young  Crania  adhered 
to  the  bared  shell,  grew  and  perished  in  its  turn ; 
^Suw!rt''"i'TeSf'i'h.  ^^^  which  the  upper  valve  was  separated  from 
*5'iK^"i^f  or  ibe  ****  ^o^*'  l^fore  the  Eehinta  became  enveloped  in 
OuiidMiciud.  chalky  mnd. 

It  may  be  well  to  mention  one  more  illustration  of  the  manner  in 
vhich  single  fossils  may  sometimes  throw  light  on  ■  former  state  of 
things,  both  in  the  bed  of  the  ocean  and  on  some  adjoining  land.  We 
meet  with  many  fragments  of  wood  bored  by  ship-worms  at  various 
depths  in  the  clay  on  which  London  is  built.  Entire  branches  and 
stems  of  trees,  several  feet  in  length,  are  sometimes  dug  out,  drilled 
all  over  by  the  holes  of  these  borers,  the  tubes  and  shells  of  the  mol- 
Insk  still  remaining  in  the  cylindrical  hollows.  In  fig.  15.  e,  a  re- 
presentation is  given  of  a  piece  of  recent  wood  pierced  by  the  Teredo 
navalit,  or  common  ship-worm,  which  destroys  wooden  piles  and 
ships.  When  the  cylindrical  tube  d  has  been  extracted  from  the 
wood,  a  shell  is  seen  at  tbe  larger  extremity,  composed  of  two  pieces, 
as  shown  at  c.     la  like  manner,  a  piece  of  fossil  wood  (a,  fie.  14.) 
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has  been  perforated  by  an  animal  of  a  kiadred  but  extinct  genu^ 
called  Ttredma  by  Lamarck.  The  calcareons  tube  of  this  moUask 
vaa  anitcd  and  as  it  were  soldered  on  to  the  valves  of  the  shell  (b). 


which  therefore  cannot  be  detached  from  the  tube,  like  the  valves  of 
the  recent  Teredo.  The  wood  in  this  fossil  spedmen  is  now  con- 
verted into  a  atony  mass,  a  mixture  of  clay  and  lime ;  bat  it  must 
once  have  been  buoyant  and  floating  in  the  sea,  when  the  Terediiue 
lived  npon  it,  perforating  it  in  all  directions.  Again,  before  the 
infant  colony  settled  upon  the  drift  wood,  the  branch  of  a  tree  must 
have  been  floated  down  to  the  sea  by  a  river,  uprooted,  perhaps,  by  a 
flood,  or  torn  off  and  cost  into  the  waves  by  the  wind :  and  thus  our 
thoughts  are  carried  back  to  a  prior  period,  when  the  tree  grew  for 
years  on  dry  land,  enjoying  a  fit  soil  and  climate. 

It  has  been  already  remarked  that  there  are  rocks  in  Ute  interior 
of  continents,  at  various  depths  in  the  earth,  and  at  great  heights 
above  the  sea,  almost  entirely  made  up  of  the  remains  of  zoophytes 
and  testacea.  Such  masses  may  be  compared  to  modem  oyster-beds 
and  coral-reefs ;  and,  like  them,  the  rate  of  increase  must  have  been 
extremely  gradual.  Hut  there  are  a  variety  of  stony  deposits  in  the 
earth's  crust,  now  proved  to  have  been  derived  from  plants  and 
anim^  of  which  the  organic  origin  was  not  suspected  until  of  late 
years,  even  by  naturalists.  Great  surprise  was  therefore  created  by 
the  recent  discovery  of  Professor  Ehrenberg,  of  Berlin,  that  a  certtun 
kind  of  siliceous  stone,  called  tripoli,  was  entirely  composed  of  mil- 
lions of  the  remains  of  organic  beings,  which  the  Prussian  naturalist 
refers  to  microscopic  Infusoria,  but  which  most  others  now  believe  to 
be  plants.  They  abound  in  freshwater  takes  and  ponds  in  England 
and  other  countries,  and  are  termed  Diatomacess  by  those  naturalbts 
who. believe  in  their  vegetable  origin.     The  substance  alluded  to  has 
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lobg  been  well  known  in  the  arts,  being  used  in  the  form  of  powder 
for  poliBhing  atones  and  metals.  It  has  been  procured,  among  other 
places,  from  Bilin,  in  Bohemia,  where  a  single  stratnm,  extending 
over  a  wide  area,  is  no  less  than  14  feet  thick.  This  stone,  when  ex- 
amined with  a  powerful  microscope,  is  found  to  consist  of  the  sili- 


u 


ceous  plates  or  frnatules  of  the  above-mentioned  Diatomaceee,  united 
together  without  any  visible  cement  It  is  difflcult-to  convey  an  idea 
of  their  extreme  minuteness;  but  Ehrenberg  estimates  that  in  the 
Bilin  tripoli  there  are  41,000  millions  of  individuals  of  the  Gaillonella 
dittatu  (see  fig.  17.)  in  every  cubic  inch,  which  weighs  about  220 
gruns,  or  about  187  millions  in  a  single  grain.  At  every  stroke, 
therefore,  that  we  make  with  this  polishing  powder,  several  millions, 
perhaps  tens  of  millions,  of  perfect  fossils  are  crashed  to  atoms. 

The  remains  of  these  Diatomacea  are  of  pure  silex,  and  their  forms 
are  various,  but  very  marked  and  constant  in  particular  genera 
and  species.  Thus,  in  the 
family  BaaUana  (see  flg. 
16.),  the  fossils  preserved 
in  tripoli  are  seen  to  ex- 
hibit the  same  divbions 
I  and  transverse  lines  which 
characterice  the  living  spe- 
cies of  kindred  form.  With 
these,  also,  the  siliceous 
spicule  or  internal  sup- 
ports of  the  freshwater 
sponge,  or  SpongiOa  of 
Lamarck,  are  sometimes  in- 
termingled (see  the  needle- 
shaped  bodies  in  fig.  20.). 
These  flinty  cases  and  spi- 
cule, although  hard,  are 
very  fragile,  bresking  like 
glass,  and  are  therefore 
admirably  adapted,  when 
robbed,  for  wearing  down 
into  a  fine  powder  fit  for 
Fiwwni  of  Kioi-op.1  from  ihrB««<»J'>(  tripoli.  BUiD.  poUshing    the    surfsce    of 

n-  1-    u... L  .1.^  metals* 

jfJS'^     Besides  the  tripoli,  formed 
exclusively    of  the   fossils 
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kbore  described,  there  occim  in  the  upper  part  of  the  great  stntnm 
at  Biiin  another  heavier  and  more  compact  Btone,  a  kind  of  semi- 
opal,  in  which  ianuioerable  parta  of  Diatomaoeae  and  spiculs  of  the 
Spongilia  are  filled  vith,  and  cemented  together  hy,  siliceous  matter. 
It  is  supposed  that  the  siliceoua  remaiiis  of  the  most  delicate  Dia- 
tomacem  have  been  dissolved  b;  water,  and  have  thus  given  rise  to 
this  opal  in  which  the  more  durable  fossils  are  preserved  like  insects 
in  amber.  This  opinion  is  confirmed  bf  the  fact  that  the  oi^anic 
bodies  decrease  in  number  and  eharpness  of  outline  in  proportion  aa 
the  opaLne  cement  increases  in  quantity. 

In  the  Bohemian  tripoli  above  described,  as  in  that  irf  Flaniti  in 
Saxony,  the  species  of  Diatomaceffi  (or  Infusoria,  as  termed  by  Ehren- 
berg)  are  freshwater ;  but  in  other  countries,  as  in  the  tripoli  of  the 
Isle  of  France,  they  are  of  marine  species,  and  they  all  belong  to 
formations  of  the  tertiary  period,  which  will  be  epoken  of  hereafter. 

A  well-known  substance,  called  bog-iron  ore,  often  met  with  in 
peat-mosses,  has  also  been  shown  by  Ehrenberg  to  consist  of  innu- 
merable articulated  threads  of  *>  yellow  ochre  colour,  composed 
partly  of  flint  and  partly  of  oxide  of  iron.  These  threads  are  the 
cases  of  a  minute  microscopic  body,  called  GaillontUa  ferrugiiua 
(flg.  18.). 

It  is  clear  that  much  time  most  have  been  required  for  the  accn- 
muladon  of  strata  to  which  coantksa  generations  of  Diatomaceta  have 
contributed  their  remains  s  and  these  discoveries  lead  us  naturally  to 
suspect  that  other  deposits,  of  which  the  materials  have  usually  been 
supposed  to  be  inorganic,  may  in  reality  have  been  derived  from 
microscopic  o^anic  bodies.  That  this  is  the  case  with  the  white 
chalk,  has  crften  been  imagined,  this  rock  having  been  observed  to 
abctud  in  a  variety  of  marine  fossils,  such  as  echini,  teatacea, 
bryozoa,  corals,  sponges,  cruatacea,  and  flsbes.  Mr.  Lonsdale,  on 
examining,  in  Oct.  1835,  in  the  museum  of  the  Gieological  Society  of 
London,  portions  of  white  chalk  from  different  parts  of  England, 
found,  on  carefully  pulverizing  them  in  water,  that  what  appear  to 
the  eye  simply  as  white  grains  were,  in  fact,  well  preserved  fossils. 
He  obtained  above  a  thousand  of  these  from  each  pound  weight  of 
chalh,  some  being  fragments  of  minute  bryozoa  and  corallines^  others 
entire  Foraminifera  and  Cytherids.  The  annexed  drawings  will 
give  an  idea  of  the  beautiful  forms  of  many  of  these  bodies.  The 
figures  a  a  represent  their  natural  size,  hut,  minute  as  they  seem,  the 
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t^tAerimB,  htm.  Uodotaria.  ratulata. 

smallest  of  them,  such  as  a,  fig.  24.,  are  gigantic  in  comparison  with 
the  cases  of  Diatomacea  before  mentioned.  It  has,  moreover,  been 
lately  discovered  that  the  chambere  into  which  these  Foraminifera 
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ue  divided  are  actually  often  filled  with  thousands  of  weO-preserred 
ot^anic  botUes,  which  abound  in  everj  minato  gnin  of  chalk,  and 
are  especially  apparent  in  the  white  coating  of  flints,  often  accom- 
panied by  innumerable  needle-shaped  spiculs,  of  sponges.  After 
reflecting  on  these  discoTeries,  we  are  natoraUy  led  on  to  conjecture 
that,  as  the  formless  cement  in  the  semi-opal  of  Bilin  hu  been 
derived  from  the  decomposition  of  «■"■'" i>T  and  vegetable  remains,  so 
also  many  chalk  flints  in  which  no  organic  strnctore  can  be  re- 
cognized may  nevertheless  have  constituted  a  part  of  microecopie 
animalcnles. 

"Hk  dust  1TB  troad  upon  wu  once  alire  1' — Btkos. 

How  faint  an  idea  does  this  exclamation  of  the  poet  convey  of 
the  real  wonders  of  natiuvl  for  here  we  discover  proofs  tliat  the 
calcareoDS  and  siliceous  dust  of  which  bills  are  composed  has  not 
only  been  once  alive,  hut  almost  every  particle,  albeit  invisible  to 
the  naked  eye,  still  retains  the  organic  structure  which,  at  periods 
of  time  incalculably  remote,  was  impressed  upon  it  by  the  powers 
of  life. 

Fr^thipater  and  marine  fotiilt. — Strata,  whether  deposited  ia^t 
or  fresh  water,  have  the  same  forms;  but  the  imbedded  fossils  are 
very  different  in  the  two  cases,  because  the  aqnatio  it"'innl«  which 
frequent  lakes  and  rivers  are  distinct  from  those  inbabidng  the  sea. 
In  the  northern  part  of  the  Isle  of  Wight  formatioDS  of  marl  and 
limestone,  more  than  £0  feet  thick,  occur,  in'which  the  shells  are 
principally,  if  not  all,  of  extinct  species.  Yet  we  recognize  their 
freshwater  origin,  because  they  are  of  the  same  genera  as  those  now 
abounding  in  ponds  and  lakes,  either  in  our  own  country  or  in 
wanner  latitudes. 

In  many  parts  of  Ft'ance,  as  in  Auvergne,  for  example,  strata  of 
limestone,  mar),  and  sandstone  are  found,  bondreds  of  feet  thick, 
which  contain  exclusively  freshwater  and  land  shells,  together  with 
the  remains  of  terrestrial  quadrupeds.  Th$  number  of  land  shells 
scattered  through  some  of  these  freshwater  deposits  is  exceedingly 
great ;  and  there  are  districts  in  Germany  where  the  rocks  scarcely 
contain  any  other  fossils  except  snail-shells  (AcitcM) ;  as,  for  instance, 
the  limestone  on  the  lefl  bank  of  the  Bhine,  between  Mayence  and 
Worms,  at  Oppenheim,  Findheim,  Budenheim,  and  other  places.  In 
order  to  account  for  this  phenomenon,  the  geologist  has  only  to 
examine  the  small  deltas  of  torrents  which  enter  the  Swiss  lakes 
when  the  waters  are  low,  such  as  the  newly-formed  plain  where  the 
Eander  enters  the  Lake  of  Than.  He  there  sees  sand  and  mud 
strewed  over  with  innomerable  dead  land  shells,  which  have  been 
brought  down  from  valleys  in  the  Alps  in  the  preceding  spring, 
during  the  melting  of  the  snows.  Again,  if  we  search  the  sands  on 
tiia  borders  of  the  Rhine,  in  the  lower  part  of  its  course,  we  Bad 
ooontless  land  shells  mixed  with  others  of  species  belonging  to  lakes, 
stagnant  pods,  and  marshes.     These  individuals  have  been  washed 
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an«y  firom  the  alluvial  plaing  of  the  great  river  and  its  tributariefl, 
Mtme  from  moantainoaB  regions,  othen  from  the  low  coaiitr7. 

AltboQgh  freshwater  formations  are  often  of  great  thickness,  yet 
they  are  usnally  re^  limited  in  aren  when  compared  to  marine 
deposits,  just  as  lakes  and  estuaries  are  of  small  dimensions  in  com- 
pvison  with  seas. 

We  may  distinguish  a  freshwater  formation,  first,  by  the  absence 
ef  many  fossils  almost  invariably  met  with  in  marine  strata.  For 
examp^,  there  are  no  sea-urchins,  no  corals,  and  scarcely  any  zoo- 
phytes; DO  chambered  shells,  such  as  the  nautilus,  nor  microscopic 
Foraminifera.  But  it  is  chiefly  by  attending  to  the  forms  of  the 
mollusca  that  we  are  guided  in  determining  the  point  in  question. 
In  a  freshwater  deposit,  the  number  of  individual  shells  is  often  as 
great,  if  not  greater,  than  in  a  marine  stratum ;  but  there  is  asmaller 
variety  of  species  and  genera.  This  might  be  anticipated  from  the 
fact  that  the  genera  and  species  of  recent  freshwater  and  land  shells 
are  few  when  contrasted  with  the  marine.  Thus,  the  genera  of  true 
mollusca  according  to  Blainville's  system,  excluding  those  of  extinct 
species  and  those  without  shells,  amount  to  about  200  in  number,  of 
which  the  terrestrial  and  freshwater  genera  scarcely  form  more  than 

Almost  all  bivalve  shells,  or  those  of  acephalous  mollusca,  are 
marine,   about  ten  only  out  of  ninety  genera  being  freshwater. 


(Hall.    Gny*.  Ehu. 


Among  these  last,  the  four  most  common  forms,  both  recent  and 
fossil,  are  Cyelat,  Cyrena,   Vnio,  and  Anodonta  (see  figures);  the 


two  first  and  two  last  of  which  are  so  nearly  allied  as  to  pass  into 
each  other. 


e  Sfnoptic  TMn  in  BUinTille's  Halscologie. 
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Lamarck  divided  the  blTslve  mollnsca  into 
tbe  Dimyary,  or  those  luring  two  large  mua- 
cular  impressioiiB  in  each  valve,  aa  a  6  in  the 
Cyclas,  fig.  25.,  and  the  Monomyary,  Huch  aa 
the  oyster  and  scallop,  in  which  there  is  only 
one  of  these  irapresaions,  as  is  seen  in  fig.  30. 
Now,  as  none  of  these  last,  or  the  unimuscolar 
bivalves,  are  freshwater,  we  may  at  once  pre- 
aome  a  deposit  in  which  we  find  any  of  them 

-■  to  or-  ***  ^  marine. 

aiia.Liu.  The  uniyalve  shells  most  characteristic  of 
fresh-water  deposits  are,  PlanorbU,  Lymtua,  and  Paludina.     (See 

Fii.li.  Fif.n.  Fif.n. 


Plamorbxt  eiumBJutlmt  i  Lfnmea  Jomgtvatt ,-  faiudrma  tnita ; 

ftwU.    IilioTwighl.  fMiU.    llkiiu.  loull.    BidU. 

figures.)    But  to  these  are  occasionallj  added  P&yta,    Suceinea, 
Ahcylut,  Vahala,  MelanoptU,  Melania,  and  Neritma.   (See  figures.) 


^-^       ^        i 
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la   regard   to  one  of  these,   the  Ancylus  (fig.  35.),   Mr.  Giraj 
observes  that  it  sometimes  differs  in  no  respect  from  the  marine 

Fl(.  IS.  Ftg.  ».  Fig.  40.  FIf .  41 . 


S^ionaria,  except  in  the  animal     The  shell,  however,  of  the 
Aneghu  is  usnally  thinner.*  , 

*  Qraj,  Ffafl.  Ttmu.,  I83S,  p.  aOL 
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Some   naturalists  inclade  Nitritina  (fig.  42.)    and    the    marine 

Nerita  (fig.  43.)  in  the  same  geniu,  it  being  scarcelj  poaaible  to 


distbguiBh  the  two  by  good  generic  characters.  But,  as 
a  general  rule,  the  fluviatile  species  are  emaller,  smoother, 
and  more  globular  than  the  marine  ;  and  they  have  never, 
like  the  Nerita,  the  inner  mai^n  of  the  outer  lip  toothed 
or  crenulated.    (See  fig.  43.) 

A  few  genera,  among  which  CerithiuM  (fig.  44)  ii  the 
meet  abundant,  are  common  both  to  rirera  and  the  sea, 
having  species  peculiar  to  each.     Other  genera,  like  Auri-  cina,mm 
euia  (fig.  38.),  are  amphibions,  frequenting  marshes,  espe-  ^S^ia. 
dally  near  the  sea. 

The  terrestrial  shells  are  all  univalTes.  The  most  abnndant 
genera  among  these,  both  in  a  recent  and  fossil  state,  are  HeUx 
(fig.  45.),-  Csclotbma  (fig.  46.),  Pvpa  (fig.  47.),  ClavOia  (fig.  48.), 


BuHmut  (fig,  49.),  and  Aehatina  ;  which  two  last  are  nearly  allied 
and  pass  into  each  other. 

The  AmpuUaria  (fig.  SO.),  is  another  genus  of  shells,  inhabiting 
Fi«.  M,  rivers  and  ponds   in    hot  countries.     Many  fossil 

species  have  been  referred  to  this  genua,  but  tbey 
have  been  found  chiefly  in  marine  formations,  and 
are  suspected  by  some  conchologists  to  belong  (o 
Natiea  and  other  marine  genera. 

All  nnivalre  shells  of  land  and  freshwater  spe- 
cies, with  the  exception  of   Melanoptu   (fig.  41.), 
and  Aehatina,  which  has  a  slight  indentation,  have 
n^mtb«Jui<.iu. '    entire  mouths;   and  this  circumstance  may  often 
eerre  as  a  convenient  rule  for  distinguishing  freshwater  from  marine 
strata;  since,  if  any  univalves  occur  of  which  the  mouths  are  not 
entire,  we  may  presume  that  the  formation  is  marine.     The  aper- 
ture is  said  to  be  entire  in  such  shells  as  the  An^mltaria  and  the 
land    shells  (figs.  45  —  49.),  when  its  outline  is  not  interrupted 
by  an  indentation  or  notch,  such  as  that  seen  at  &  in  AnaUana 
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(fig.  22.);  or  is  not  prolonged  into  a  canal,  as  that  seen  at  a  in 
PUvTotoma  (fig.  51.). 

The  months  of  a  large  proportion  of  the  marine  nnivalves  have 
these  notohea  or  canals,  and  almost  all  such  species  are  c 
rt|.H.  Fif.u. 


whereas  nearly  all  testacea  having  entire  mouths,  are  plant-eaters  { 
whether  the  species  be  marine,  freshwater,  or  terreatriaL 

There  is,  however,  one  genus  which  affords  an  occasional  ex- 
ception to  one  of  the  above  mles.  The  Cetitkium  (fig.  44.), 
althoagh  provided  with  a  short  canal,  comprises  some  species  whidi 
inhabit  salt,  others  brackish,  and  others  fresh  water,  and  they  are 
said  to  be  all  plant-eaters- 

Among  the  fossils  very  common  in  freshwater  deposits  are  the 
shells  of  Cypris,  a  minnte  cmstaceona  animal,  having  a  sheU  mnch 
resembling  tha  of  the  bivalve  mollusca.*  Many  minute  living 
species  of  this  genus  swarm  in  lakes  and  stagnant  pooU  in  Great 
Britain  ;  but  their  shells  are  not,  if  considered  separately,  conclusivQ 
as  to  the  freshwater  origin  of  a  deposit,  because  the  majority  of 
species  in  another  kindred  genos  of  the  same  order,  the  CytAerina  of 
Lamarck  (see  above,  fig.  21.  p.  26.),  inhibit  salt  water;  and,  although 
the  animal  difiers  slightly,  the  shell  b  scarcely  distinguishable  friMU 
that  of  the  (^prit. 

The  seed-vessels  and  stems  of  Vhara,  a  genus  of  aquatic  plants, 
are  very  frequent  in  freshwater  strata.  These  seed-vessels  were 
called,  before  their  true  nature  waa  known,  gyrogonites,  and  were 
supposed  to  be  foraminiferous  shells.     (See  fig.  J33.  a,) 

The  Chara  inhabit  the  bottom  of  takes  and  ponds,  and  fiourish 
mostly  where  the  water  is  charged  with  carbonate  of  lime.  Their 
aeed-Tcssels  are  covered  with  a  very  tough  int^ument,  capable  of 
reMSting  decomposition ;  to  which  drcumstance  we  may  attribute 
their  i^andance  in  a  fossil  state.  The  annexed  figure  (fig.  54.) 
represents  a  branch  of  one  of  many  new  species  found  by  Froressor 
Amici  in  the  lakes  of  Northern  Italy.  The  seed-vessel  in  this  plant 
is  more  globnlar  than  in  the  British  Chara,  and  therefore  more 
nearly  resembles  in  form  the  extinct  fossil  species  found  In  England, 

*  Vol  fignres  of  ioMil  qteciei  of  Pmbeck,  we  below,  ch.  xx. 
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France)  '•"^  other  countries.     The  slenu,  u  well  m  Uie  leed-ressels, 
of  these   plant«  occur  both  in  modem  shell  marl  and  i 

FIf.N.  Flf.H. 


freshwater  formations.  They  are  generally  compOBed  of  a  large 
tube  snrrOQDded  by  smaller  tabes ;  die  whole  at«n  being  divided  nt 
certain  interrals  by  transTerse  partidons  or  joints.     [See  b,  fig.  53.) 

It  is  not  uncommon  to  meet  with  layers  of  vegetable  matter, 
impressions  of  leaves,  and  branches  of  trees,  in  strata  containing 
freshwater  sheila ;  and  we  also  And  occasionally  the  teeth  and  bones 
of  land  quadrupeds,  of  species  now  unknown.  The  manner  in 
which  sudi  remains  are  occasionally  earried  by  rivers  into  lakes, 
especially  during  floods,  has  been  folly  treated  of  in  the  "  Principles 
of  Geology."* 

The  remains  of  fish  are  occasionally  useful  in  determining  the 
freshwater  origin  of  strata.  Certain  genera,  such  as  carp,  perch, 
pike,  and  loach  (Cyprmui,  Perea,  Esox,  and  Cobitit\  as  also  Lebtai, 
being  peculiar  to  freshwater.  Other  genera  contain  some  freshwater 
and  some  marine  species,  ss  Cotttu,  Mugil,  and  AngviQa,  or  eeL 
The  rest  are  either  common  to  rivers  and  the  sea,  as  the  salmon ;  or 
are  exclusively  characteristic  of  salt  water.  The  above  observa- 
tions respecting  fossil  fishes  are  applicable  only  .to  the  mora 
modern  or  tertiary  deposits ;  for  in  the  more  ancient  rocks  the 
forms  depart  so  widely  from  those  of  existing  fishes,  that  it  is  veiy 
difficult,  at  least  in  the  present  state  of  science,  to  derive  any  positive 
information  from  ictfayolites  respecting  the  dement  in  which  strata 
were  deposited. 

The  alternation  £f  marine  and  freshwater  formations,  both  on  » 
small  and  large  scale,  are  facts  well  ascertuned  in  geolc^.  When 
it  occnrs  on  a  small  scale,  it  may  have  arisen  from  the  alternate 
occupation  of  certain  spaces  by  river  water  and  the  sea;  for  in  the 
flood  season  the  river  forces  back  the  ocean  and  freshens  it  over  a 
large  area,  depositing  at  the  same  time  its  sediment ;  after  which  the 
salt  water  again  returns,  and,  on  resuming  its  former  place,  brings 
with  it  sand,  mnd,  and  marine  shells. 

*  8m  Index  of  Principle*,  "  FoanlizUioa.' 
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Tliera  are  ilso  lagoons  at  the  montlu  of  muij  rirera,  aa  the  Nile 
and  UisuBsippi,  which  are  divided  off  by  bars  of  und  from  the  sea, 
and  which  are  fiUed  with  salt  and  fresh  water  hj  tnms.  Thsj  often 
conunnnieata  exolnaiTelT  with  the  river  for  mcmths,  years,  or  even 
centuries  -,  and  then  a  breach  being  nude  in  the  bar  of  sand,  thej 
are  for  long  periods  filled  with  salt  water. 

The  hjm-Fiord  in  Jutland  offers  an  excellent  illustration  of 
analogous  changes ;  for,  in  the  course  of  the  last  thousand  years,  the 
western  extremity  of  this  long  frith,  which  is  120  miles  in  length, 
inclading  its  windings,  has  been  four  times  fresh  and  four  times  sail, 
a  bar  of  sand  between  it  and  the  ocean  having  been  as  often  f(»med 
and  removed.  The  last  irmption  of  salt  water  happened  in  1824, 
when  the  North  Sea  entered,  killing  all  the  freshwater  shells,  fish, 
and  plants ;  and  from  that  time  to  the  present,  the  sea-weed  Fuetu 
MSUMJiMtM,  tf^ether  with  oysters  and  other  marine  moUnsca,  have 
succeeded  the  Cyelat,  Lymnea,  Ihluditia,  and  Chara.* 

Bnt  changes  like  these  in  the  Lym-E^ord,  and  those  before  men- 
tioned as  ocunrring  at  the  months  of  great  rivers,  will  only  account 
for  some  cases  of  marine  deposits  of  partial  extent  resting  on  fresh- 
water strata.  When  we  find,  as  in  the  south-east  of  England,  a 
great  series  of  freshwater  beds,  1000  feet  in  thickness,  resting  upon 
marine  formations  uid  again  covered  by  other  rocks,  such  as  the 
cretaoeoos,  more  than  1000  feet  thick,  and  of  deep-sea  origin,  we 
shall  And  it  necessary  to  seek  fm  a  didferent  explanation  of  the  phe- 


CHAPTER  IV. 

0OKSOUIU.TIOIf  OF  STRATA  AKD  FXTKIFACTIOS  Of  TOSSILS. 

f?'''"'"^  Bsd  mediamcal  deposit* — Cenumtiiig  together  of  puticlei — Hardening 
bj  axpcsme  toiir — ConcietioiuTj  nodule* — ContoIidBtiiigeflbetiofpnaara — 
tGnenlitttionof  Mgsaieremiini — Impttnioiu  aad  cuts  how  fbniied — Foanl 
wood — Odpiieit**  tzpatimente — Pndj^latioii  of  Kon;  mittai  moR  r^id  where 
polre&ction  is  g^g  on — Bonrce  of  Bom  in  whititin — Silex  derired  from  do- 
comporitiiHi  dT  Alspar — FrocA  of  the  lapidificBtion  of  Mine  foHili  non  sfter 
hari4  of  othen  iriun  moeh  dec^^ 

Hatino  spoken  in  the  preceding  chapters  of  the  characters  of  sedi- 
mentary fo^nation^  boA  as  dependent  on  the  deposition  of  inorganic 
matter  and  the  distribution  of  fossils,  I  may  next  treat  of  the  con- 
solidation of  stratifled  rocks,  and  the  petrifactjon  of  imbedded  or- 
ganic remuns. 

Clumicai  and  meehanwal  depotiu.  —  A  distinction  has  been  made 
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hj  geologists  between  deposits  of  «  chemidJ,  and  those  of  k  me- 
chanical, origin.  By  the  Utter  name  are  deeignRted  beds  of  mad, 
sand,  or  pebbles  produced  hj  the  action  of  running  water,  also  ac- 
ctunulations  of  stones  and  scorin  thrown  oat  by  a  volcano,  which 
have  faUen  into  their  present  place  by  the  force  of  gravitation.  But 
the  matter  which  forms  a  chemical  deposit  has  not  been  mechuiicallj 
snspended  in  water,  but  in  a  state  of  solution  until  sepaiated  by 
chemical  actioB.  In  this  manner  carbonate  of  lime  is  often  predpi- 
tated  upon  the  bottom  of  lakes  and  seas  in  a  solid  form,  as  may  be 
well  seen  in  many  parts  of  Italy,  where  mineral  springs  abound,  and 
where  the  calcareous  stone,  called  travertin,  is  deposited.  In  these 
sprite  the  lime  is  usually  held  in  solution  by  an  excess  of  carbonic 
acid,  or  by  heat  if  it  be  a  hot  spring,  ontil  the  water,  on  issuing  &om 
the  earth,  cools  or  loses  part  of  its  atud.  The  calcareous  matter  then 
falls  down  in  a  solid  state,  encrusting  shells,  fragments  of  wood  an^ 
leaves,  and  binding  them  together." 

In  coral  reefs,  lai^  masses  of  limestone  are  formed  by  the  stony 
skeletons  of  Eoophytes ;  and  these,  together  with  shells,  become  ce- 
mented tc^ether  by  carbonate  of  lime,  part  of  which  is  probably 
furnished  to  the  sea  water  by  the  decomposition  of  dead  corals. 
Even  shells  of  which  the  animals  are  still  living,  on  these  reefs,  are 
very  commonly  found  to  be  encrusted  over  with  a  hard  coating  of 
limestone,  j' 

If  sand  and  pebbles  are  carried  by  a  river  into  the  sea,  and  these 
are  bound  together  immediately  by  carbonate  of  lime,  the  deposit 
may  be  described  as  of  a  mixed  origin,  partly  chemical,  and  partly 
mechanical 

Now,  the  remarks  already  made  in  Chapter  II.  on  the  original 
horizontality  of  strata  are  strictly  applicable  to  mechanical  deposits, 
and  only  partially  to  those  of  a  mixed  natnre.  Sach  as  are  purely 
chemical  may  be  formed  on  a  very  steep  slope,  or  may  even  encrust 
the  vertical  walls  of  a  fiagure,  and  be  of  equal  thicknraa  throughout ; 
but  such  deposits  are  of  small  extent,  and  for  the  most  part  confined 
to  vein-stones. 

Cementitig  of  particUt.  —  It  is  chiefly  in  the  case  of  calcareous 
rocks  that  solidification  takes  place  at  the  time  of  depoution.  But 
there  are  many  deposits  in  which  a  cementing  process  comes  into 
operation  long  afterwards.  We  may  sometimes  observe,  where  the 
water  of  ferruginous  or  calcareous  springs  has  flowed  through  a  bed 
of  sand  or  gravel,  that  iron  or  carbcmate  of  lime  has  been  deposited 
in  the  interstices  between  the  grains  or  pebbles,  so  that  in  certain 
places  the  whole  has  been  bound  together  into  a  stone,  the  same  set 
of  strata  remaioing  in  other  parts  loose  and  incoherent. 

Proofs  of  a  similar  cementing  action  are  seen  in  a  rock  at  Kello- 
way  in  Wiltshire.  A  peculiar  band  of  sandy  strata  belonging  to  the 
group  called  Oolite  by  geologists,  may  be  traced  through  several 

t  Ibid,    "T™Tflrtin,"''Cord  Ronft," 
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conntiet),  the  Mud  being  for  tlie  most  put  loose  and  nnconwdidfited, 
bnt  becoming  stony  nev  Kellovny.  In  this  district  there  ue  na- 
merous  fossil  sheila  which  twre  decomposed,  having  for  the  most 
part  left  onl}'  their  casts.  The  calcareous  matter  hence  derived  has 
evidently  served,  at  some  former  period,  as  a  cement  to  the  siliceous 
grains  of  sand,  and  thns  a  solid  sandstone  has  been  produced.  If  ve 
take  fragments  of  many  other  argillaoeons  gritf^  retaining  the  casts 
of  shells,  and  plnnge  them  into  dilute  muriatic  or  other  acid,  we  see 
them  immediately  changed  into  common  sand  and  mud ;  the  cement 
of  lime,  derived  from  the  shells,  having  been  dissolved  by  the  acid. 

Traces  of  impressionfl  and  casts  are  often  extremely  faint  In 
some  loose  sands  of  recent  date  we  meet  with  shells  in  so  advanced 
a  stage  of  decomposition  as  to  cnunble  into  powder  when  touched. 
It  is  clear  that  water  percolating  sncfa  strata  may  soon  remove  the 
calcareons  matter  of  the  shell ;  and  unless  circnnutances  cause  the 
carbonate  of  lime  to  be  again  deposited,  the  grains  of  sand  will  not 
be  cemented  together ;  in  which  case  no  memorial  of  the  fossil  will 
remain.  The  absence  of  organic  remains  from  many  aqueous  rocks 
may  be  tiins  ezpluned ;  but  we  may  presume  that  in  many  of  tbem 
no  fossils  were  ever  imbedded,  as  there  are  extensive  tracts  on  the 
bottoms  of  existing  seas  even  of  moderate  depth  on  which  no  frag- 
ment of  shell,  coral,  or  other  living  creatnre  can  be  detected  by 
dredging.  On  the  other  hand,  there  are  depths  where  the  lero  of 
animal  life  has  been  approached ;  as,  for  example,  in  the  Mediter- 
ranean, at  the  depth  of  abont  230  fathoms,  according  to  the  researches 
of  FroL  E.  Forbes.  In  the  JEgfitJi  Sea  a  deposit  of  yellowish  mud 
of  a  very  oniform  character,  and  closely  resembling  chalk,  is  going 
on  in  regions  below  230  &thc»us,  and  this  formation  mnst  be  wholly 
devoid  of  organic  remains.* 

In  what  manner  silex  and  carbonate  of  lime  may  become  widely 
diffused  in  small  quantities  through  the  waters  which  permeate  the 
earth's  crust  will  be  spoken  of  presently,  when  the  petrifaction  of 
fossil  boilies  is  considered ;  but  I  may  remark  here  that  snch  waters 
are  always  pasrang  in  the  case  of  thermal  springs  from  hotter  to 
colder  parte  of  the  interior  of  the  earth ;  and,  as  often  as  the  tem- 
perature of  the  solvent  is  lowered,  mineral  matter  has  a  tendency  to 
separate  from  it  and  solidify.  Thus  a  stony  cement  is  often  supplied 
to  sand,  pebbles,  or  any  fragmentary  mixture  In  some  conglo- 
merates, like  the  pudding-stone  of  Hertfordshbe  (a  Lower  Eocene 
deposit),  pebbles  of  flint  and  grtuns  of  sand  are  united  by  a  siliceous 
cement  so  firmly,  that  if  a  blodc  be  fractared  the  rent  passes  as  readily 
through  the  pebbles  as  through  the  cement 

It  is  probable  that  many  strata  became  solid  at  the  time  when  they 
emerged  from  the  waters  in  which  they  were  deposited,  and  when 
they  first  formed  a  part  of  the  dry  land.  A  well-known  fact  seems 
to  conlinn  this  idea:  by  far  the  greater  number  of  the  stones  used 
for  building  and  road-making  are  mnch  softer  when  first  taken  from 

•  Report  Bdt.  Ah.  ISts.p.  176. 
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tbe  qaarr7  than  aAer  thej  hare  been  long  exposed  to  the  air ;  and 
theM,  when  once  dried,  maj  afterwardB  be  immeraed  fw  any  leu^tli 
of  time  in  water  without  becoming  soft  again.  Hence  it  is  foond 
desirable  to  ahape  the  Mcnee  which  are  to  be  nsed  in  architectore 
while  they  are  jet  soft  and  wet,  and  while  they  oontain  their 
"  quarry-water,"  aa  it  is  called  ;  also  to  l»«ak  np  stone  intended  for 
roads  when  soft,  and  then  leave  it  to  dry  in  tbe  aJr  for  months  that 
it  may  harden.  Such  indoTation  may  perhaps  be  accounted  for  by 
sapposing  the  water,  which  penetrates  the  minutest  pores  of  rock^ 
to  deposit,  on  evaporation,  carbonate  of  lime,  iron,  ailex,  and  other 
minerals  previously  held  in  solution,  and  thereby  to  fill  up  tbe  pores 
partially.  These  particke,  on  crystaUieing,  would  not  only  be  them- 
selves deprived  of  freedom  of  motion,  but  would  also  bind  togeth^ 
other  portions  of  the  rock  which  before  were  loosely  aggregated. 
On  the  same  princi]de  wet  sand  and  mud  become  as  hard  as  stone 
when  frozen  ;  because  one  ingredient  of  the  mass,  namely,  the  water, 
has  crystalliiKd,  so  as  to  hold  firmly  together  all  the  s^arate  particles 
of  which  the  loose  mud  and  sand  were  composed. 

Dr.  MacCulloch  mentions  a  sandstone  in  Skye,  which  may  be 
moulded  like  dough  when  first  found ;  and  some  simple  minerals, 
which  are  rigid  and  as  hard  as  glass  in  our  cabinets,  are  often  flexible 
and  soft  in  their  native  beds :  this  is  the  case  with  asbestos,  sahlite, 
txemolite,  and  chalcedony,  and  it  is  reported  also  to  happen  in  the 
case  of  the  beryl.  * 

The  marl  recently  deposited  at  the  bottom  of  Lake  Superior,  in 
North  America,  is  soft,  and  often  filled  with  freshwater  shells ;  bat 
if  a  piece  be  taken  op  and  dried,  it  becomes  so  hard  that  it  can  only 
be  broken  by  a  smart  blow  of  the  hammer.  If  the  lake  tlierefore  was 
drained,  such  a  deposit  would  be  found  to  consist  of  strata  of  marl- 
stone,  like  that  observed  in  many  ancient  European  formations,  and 
like  them  containing  freshwater  shells. 

It  is  probable  that  some  of  the  beterogeneons  materiab  which 
rivers  transport  to  the  sea  may  at  once  set  under  water,  like  the  arti- 
ficial mixture  called  pozzolana,  which  consists  of  fine  volcanic  sand 
charged  with  about  20  per  cent  of  oxide  of  iron,  and  the  addition  of 
a  small  quantity  of  lime.  This  substance  hardens,  and  becomes  & 
solid  stone  in  water,  and  was  used  by  the  Romans  in  constructing 
the  foundations  of  buildings  in  the  sea. 

Consolidation  in  these  cases  is  brought  about  by  the  action  of 
chemical  affinity  on  finely  comminuted  matter  preriously  suspended 
in  water.  After  deposition  simitar  particles  seem  to  exert  a  mutual 
attraction  on  each  other,  and  congregate  together  in  particular  spots, 
forming  lumps,  nodules,  and  concretions.  Thus  in  many  ai^illaceous 
deposits  there  are  calcareous  balls,  or  spherical  concretions,  ranged 
in  layers  parallel  to  tbe  general  stratification  ;  an  arrangement  which 
took  place  after  tbe  shale  or  marl  bad  been  thrown  down  in  succea- 
aive  laminEB ;  for  these  laminn  are  often  traced  in  the  concretions, 

•  Dr.  UacColloch,  SjtL  of  GeoL  vol.  i.  p.  lia. 
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raDaining  parallel  to  thow  of  the  flamuniliiig  unconsolidated  rock. 
Ptf .  N.  (gee  fig.  56.)    Sncli  nodules  of  lime- 

etone  have  often  a  iliell  or  other  fbreiga 
hoij  in  tbe  centre.* 

Among  the  moet  remarkable  ex- 
amples of  concretionaTy  stnictnre  are 
those  deecribed  by  Professor  Sedgwick 
1  the  su^nesian  limestone  of  the  north  of  England. 
Tbe  Hpherical  balls  are  of  rarious  sises,  from  that  of  a  pea  to  a  dia- 
meter of  serend  feet,  and  they  have  both  a  concentric  and  radiated 
structtire,  while  at  the  same  time  the  Isminn  of  original  depoeition 
pass  DDinterruptedlj  through  them.  In  some  cliffs  this  limestone 
reaemblesagraat  irregular  pileof  cannon  balls.  Some  of  the  globular 
masses  have  their  centre  in  one  stratum,  while  a  portion  of  their 
exterior  passes  tbroi^b  to  the  stratum  above  or  below.  Thus  the 
lai^er  spheroid  in  tbe  annexed  section  (fig.  66.)  passes  from  tbe  stratum 
Fis.M.  &  upwards  into  d.    In  this  instance  we 

must  suppose  the  deposition  of  a  series 
of  minor  lajers,  first  forming  tbe  stra- 
II  b,  aitd  afterwards  the  incumbent 
stratum  a ;  then  a  movement  of  the  par- 
ticles took  place,  and  the  carbonates  of 
lime  and  magnesia  separated  from  tbe 
more  impure  and  mixed  matter  forming  the  still  uncDosolidated  parts 
of  tbe  stratnm.  Ciyitallization,  beginning  at  the  centre,  must  haw 
gone  on  Emming  concentric  coats  aronnd  the  original  Docleas  without 
interfering  with  the  laminated  structure  of  tbe  rock. 

When  the  particles  of  rocks  have  been  thos  re-arranged  by  chemi- 
cal forces,  it  is  sometimes  difficnlt  or  impossible  to  ascertain  whether 
certain  lines  of  division  are  due  to  original  deposition  or  to  the  sub- 
sequent aggregation  of  umilar  particles.  Thus  suppose  three  strata 
iti-w-  of  grit,  A,  B,  C)  are  charged  unequally 

with  calcareous  matter,  and  that  B  is  the 
)  most  calcareous.  If  consolidation  takes 
place  in  B,  the  concretionary  action  may 
spread  upwards  into  a  part  of  A,  where 
tbe  carbonate  c^  lime  is  more  abundant  than  in  the  rest ;  so  that  a 
mass,  d,  e,  f,  forming  a  portion  of  the  superior  stratum,  becomes 
united  with  B  Into  one  solid  mass  of  stone.  The  original  line  of 
diTision  d,  ;  being  thus  efiiu^  the  line  d,  f,  would  generally  be 
considered  as  the  surface  of  the  bed  B,  though  not  strictly  a  true 
plane  of  stratification.' 

I^etntre  and  heat — When  sand  and  mnd  sink  to  the  bottom  of  a 
deep  sea,  the  particles  are  not  pressed  down  by  the  enormous  weight 
of  tiie  incnmbent  ocean  ;  for  the  water,  which  becomes  mingled  with 
the  sand  and  mud,  resists  pressure  with  a  ftM-ce  equal  to  that  of  the 
column  of  fluid  abore.    Tbb  same  btqipens  In  regard  to  organic  re- 

•  Be  laBeche,  GeoL  Bwaadiw,  p.  M..  and  GcoL  Obwrver  (1651),  p.  086. 
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maine  which  are  filled  with  water  under  greabpfcsnire  a  ^aj  sink 
otherwise  they  would  be  immediatelj  cnuhed  to  pieces  and  flattened. 
NcTerthelesa,  if  the  materiftk  of  a  Btratnm  remain  in  a  jielding  atate^ 
and  do  not  eei  or  solidify,  ih»y  will  be  gndoally  sqneeiied  down  hj 
the  weight  of  other  nuterials  auccosairely  heaped  npon  them,  just  u 
Boft  tia,j  or  loose  sand  on  which  a  house  is  built  may  give  way.  Sj 
such  downward  pressure  particles  of  clay,  suid,  and  marl,  may  be- 
come packed  into  a  smaller  space,  and  be  made  to  cohere  togettier 
permanently. 

Analogous  effects  of  condensation  may  arise  when  die  solid  parts 
of  the  earth's  crust  are  forced  in  rarious  directions  by  those  me- 
chsnical  movements  anerwards  to  be  described,  by  which  strata  have 
been  bent^  broken,  and  raised  above  the  level  of  the  sea.  Bocka  of 
more  yielding  materials  mast  often  have  been  forced  against  otbors 
previously  consolidated,  and,  thus  compressed,  may  have  acquired  a 
sew  structure.  A  recent  discovery  may  help  us  to  oomprehraid  how 
fine  sediment  derived  from  the  detritus  of  rocks  may  be  solidified  by 
mere  pressure.  The  graphite  or  "  black  lead  "  of  commerce  having 
become  very  scarce,  Mr.  Brookedon  contrived  a  method  by  which  the 
dust  of  the  purer  portions  of  the  mineral  found  in  Borrowdale  might 
be  recompoaed  into  a  mass  as  dense  and  compact  as  native  graphite. 
The  powder  of  graphite  is  first  carefully  prepared  and  freed  from  air, 
and  placed  under  a  power^  press  on  a  strong  steel  die,  with  air-tigfat 
fittings.  It  is  then  struck  several  blows,  each  of  a  power  of  1000 
tf  DH ;  after  which  (^ration  the  powder  is  so  perfectly  solidified  that 
it  can  be  cat  for  pencils,  and  exhibits  when  broken  the  same  texture 
as  native  graphite. 

But  the  action  of  heat  at  various  depths  in  the  earth  is  probably 
the  most  powerful  of  all  causes  in  hardening  sedimentary  stratik  To 
this  subject  I  shall  refer  again  when  treating  of  the  metamorphio 
rocks,  and  of  the  slaty  and  jointed  structure. 

Mineralization  of  organic  rMMMu. — The  changes  which  fossil 
oig&nic  bodies  have  undergone  unce  they  were  first  imbedded  in 
rooks,  throw  much  light  on  the  consolidation  of  strata.  Fossil  sheila 
in  some  modem  depooits  have  been  scarcely  altered  in  the  course  of 
centuries,  having  simply  lost  a  part  of  their  animal  matter.  But  in 
other  cases  the  shell  has  disappeared,  aod  left  an  impression  only  of 
its  exterior,  or  a  cast  of  its  interior  form,  or  thirdly,  a  cast  of  the 
shell  itself,  the  original  matter  of  which  has  been  removed.  These 
different  forme  of  foesilization  may  easily  be  understood  if  we  examine 
the  mud  recently  thrown  out  from  a  pond  or  can^  in  which  there  are 
shells.  If  the  mud  be  argillaceous,  it  acquires  consistency  on  drying, 
and  OS  breaking  open  a  pcntion  of  it  we  find  that  each  ^eU  has  left 
impressions  of  its  external  form.  If  we  then  remove  the  shell  itself 
we  find  within  a  solid  nucleus  of  clay,  having  the  form  of  the  interitv 
of  the  shell.  This  form  is  often  very  different  from  that  of  the  outer 
shell.  Thus  a  cast  sacb  as  a,  fig.  S8.,  commonly  called  a  fossil  screw, 
would  never  be  suspected  by  an  inexperienced  conchologist  to  be 
the  internal  shape  of  the  fossil  imivUve,  b,  fig.  SS.    Nor  sboold  we 
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h>Te  imagioed  at  flnt-aigbt  ttwt  the  shell  a  and  the  cast  h,  fig.  59., 
were  difierent  parts  of  the  same  foanl    The  rrader  will  obflerve,  in 


the  laBt-mentioned  figure  (b,  fig.  £9.),  that  an  empty  space  shaded 
dark,  which  the  tluU  itxtf  ooee  oocupied,  now  intervenes  between 
the  enveloping  stone  and  the  cast  ef  the  amooth  interior  of  the  whorla. 
In  snch  cases  the  shell  has  been  dissolved  and  the  component  par- 
ticles removed  by  water  percolating  the  rock.  If  the  nncUos  were 
taken  out,  a  hoUow  mould  would  remain,  on  which  the  external  form 
of  the  shell  with  its  tnbercles  and  strin,  as  seen  in  a,  fig.  59,  would 
be  seen  embossed.  Now  if  the  space  aUuded  to  between  the  nucleus 
and  the  impression,  instead  of  being  left  empty,  has  been  filled  up 
with  calcareous  spar,  flint,  pyrites,  or  other  mineral,  we  then  obtun 
ttoai  the  mould  an  exact  cast  both  of  the  external  and  internal  form 
c^  the  original  ahelL  In  this  manner  silicifled  casts  of  shells  hare 
been  formed ;  and  if  the  mad  or  sand  of  the  nuclena  happen  to  be 
incoherent,  or  eolabte  in  acid,  we  can  then  procore  in  flint  an  empty 
■bell,  which  in  shape  is  the  exact  counterpart  of  the  originaL  This 
cast  may  be  compared  to  a  bronze  statue,  representing  merely  the 
superficial  form,  and  not  the  internal  organization ;  but  there  is 
another  description  of  petrifaction  bj  no  means  uncmnmoo,  and  of  a 
much  more  wonderfol  kind,  which  ma;  be  compared  to  certain  ana- 
tomical models  in  wax,  where  not  only  the  outward  forms  and  fea- 
toreo,  bat  the  nerves,  blood-vessels,  and  other  internal  oi^ans  are  also 
shown.  Thus  we  find  corals,  originally  calcareous,  in  which  not  ouly 
die  general  shape,  bnt  also  the  minute  and  complicated  internal  or- 
ganisation are  retained  in  fiint 

Such  a  {ovcess  of  petrifaction  is  still  more  remarkably  exhibited 
in  fossil  wood,  in  which  we  often  perceive  not  only  the  rings  of 
annnal  growth,  but  all  the  minute  vessels  and  mednllwy  rays.  Many 
of  the  minute  pores  and  fibres  of  plants,  and  even  those  spiral  vessels 
which  in  the  living  vegetable  can  only  be  discbvered  by  the  mi- 
crosoope,  are  preserved.  Among  many  instances,  I  may  mention  a 
ibesil  tree,  72  feet  in  length,  found  at  Goafortb  near  Newcastle,  in 
sandstone  strata  associated  with  ooaL  By  cutting  a  transverse  slice 
so  thin  fts  ta  transmit  light,  and  magnifjing  it  about  fifty-five  tunes. 
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the  texture  wen  in  flg.  60.  ii  exbibited.    A  teitnre  equally  minute 

and  complicatad  has  been  observed  in  the  wood 

of  lar^  tmnka  of  fosail  treea  foond  in  the 

Craigleith  qnany  near  Edinbnrgfa,  where  the 
stone  vaa  not  in  the  slightest  degree  siliceous, 
but  consiated  chiefly  of  carbonate  of  lime,  with 
oxide  of  iron,  alumina,  and  carbon.  The  pa- 
rallel TOWS  of  Teasels  here  seen  are  the  rings 
__       ,        ^  of  annual  frrowth,  but  in  one  part  ther  are  im- 

Nnu.  vi«D^ii«i,  (wttfaun.)    perfectly  preserred.  the  wood  aanng  probably 
""*        "'  decayed  before  the  mineralicing  matter  had 

penetrated  to  that  portion  of  the  tree. 

In  attempting  to  explain  the  process  of  petrifaction  in  sach  cases, 
we  may  first  assiune  that  strata  are  very  generally  permeated  by 
water  charged  with  minute  portions  of  calcareous,  eiliceoos,  and  other 
etrtha  in  solution.  In  what  manner  they  become  bo  impregnated 
will  be  afterwards  considered.  If  an  organic  substance  is  exposed 
in  the  open  mt  to  the  action  of  the  sun  and  rain,  it  will  in  time 
putrefy,  or  be  dissolved  into  its  component  elements,  which  consist 
chiefly  of  oxygen,  hydrt^en,  and  carbon.  These  will  readily  be 
absorbed  by  the  atmosphere  or  be  washed  away  by  rain,  so  that  all 
vestiges  of  the  dead  animal  or  plant  dis^pear.  But  if  the  same 
substances  be  submerged  in  water,  they  decompose  more  gradually; 
and  if  buried  in  earth,  still  more  slowly,  as  in  the  familiar  example 
of  wooden  piles  or  other  buried  timber.  Xow,  if  >s  fsot  aa  each 
particle  is  set  free  by  putrefaction  in  a  fluid  or  gaseous  state,  a 
particle  equally  minate  of  carbonate  of  lime,  flint,  or  other  mineral, 
is  at  hand  and  ready  to  be  preupitated,  we  may  imagine  this  in- 
organic matter  to  take  the  place  just  before  left  unoccupied  by  the 
organic  molecnle.  In  this  manner  a  .cast  of  the  interior  of  o^^aia 
vessels  may  flrst  be  taken,  and  afterwards  the  more  solid  walls  of  the 
same  may  decay  and  suffer  a  tike  transmutation.  Yet  when  the 
whole  is  lapidified,  it  may  not  form  one  homogeneous  mass  of  atone 
or  metaL  Some  of  the  original  ligneous,  osseous,  or  other  orgaoio 
elements  may  remain  mingled  in  eotain  parts,  or  the  lafudifying 
substance  itself  may  be  differently  coloured  at  diffbrent  times,  or  so 
cryatallized  as  to  reflect  light  diflferently,  utd  thus  the  texture  of  the 
original  body  may  be  faithfully  exhibited. 

The  student  may  perhaps  ask  whether,  on  chemical  principles,  we 
have  any  ground  to  expect  that  mineral  matter  will  be  thrown  down 
precisely  in  those  spots  where  organic  decomposition  is  in  pn^ress  ? 
The  following  curious  experiments  may  serve  to  illustrate  this  point. 
Professor  Goppert  of  Breslau  attempted  recently  to  imitate  the  na- 
tural process  of  petrifaction.  For  this  purpose  he  steeped  a  variety 
of  animal  and  vegetable  Hubstancea  in  waters,  some  holding  siliceona, 
others  calcareous,  others  metallic  matter  in  solution.  He  found  tb&t 
in  the  period  of  a  few  weeks,  or  even  days,  the  organic  bodies  thus 
immersed  were  mineralized  to  a  certain  extent  Thus,  for  example, 
thin  vertical  slices  of  deal,  t»kea  &om  the  Scotch  fir  (Pamt  tyl- 
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vtttrit),  wen  inunened  in  %  JooderaXalj  BtrtHig  Krindon  of  BnIphUe 
of  iron.  When  ibmy  fattd  been  thorooghlj  eoKked  in  the  liquid  fw 
MTend  daja  thej  wen  dried  and  exposed  to  a  red-heftt  until  the 
▼egetaUe  matter  was  bnnit  np  and  nothing  rraaained  but  an  oxide  oT 
iron,  which  was  found  to  hare  taken  the  ftmn  of  the  deal  ao  exactlj 
that  casta  even  of  the  dotted  vessels  peculiar  to  this  familj  of  plants 
were  distinctly  risible  under  the  micnmoope. 

Another  accidental  e^ieriment  has  been  recorded  bj  iSi.  l?epya  in 
the  Geolt^cal  Transaotiona.  *  An  earthen  pitcher  contaibing  seTeral 
quarts  of  sulphate  of  iron  had  remained  nndiaturbed  and  unnoticed 
for  about  a  twelvemonth  in  the  laboratory.  At  the  end  of  this  time 
when  the  Uqaor  was  examined  an  oil;  appearance  was  observed  on 
the  rar&ce,  and  a  jellowiah  powder,  wldch  proved  to  be  snlphiir, 
together  with  a  qaantitjr  of  small  haira.  At  the  bottom  were  dis- 
eovered  the  bones  of  several  mice  in  a  sediment  consisting  of  small 
grains  of  pyrites,  others  of  snlphur,  others  of  crjttallized  green  sol- 
phale  of  iron,  aad  a  blaclt  mnddy  oxide  of  iron.  It  was  evident  that 
some  mice  had  accidentally  be^  drowned  in  the  fluid,  and  by  the 
■ntoal  action  of  the  animal  matter  and  the  sulphate  of  iron  on  each 
other,  the  metallic  snlpbale  had  been  deprived  of  its  oxygen ;  hence 
the  pyrites  and  the  other  compounds  were  thrown  down.  Although 
the  mice  were  not  mineralised,  or  tamed  into  pyrites,  the  phuio- 
aenon  shows  how  mineral  waters,  charged  with  solphato  of  iron, 
may  be  deoxydated  on  coming  in  contact  with  animal  matter  tuder- 
goiag  pntrefaction,  so  that  atom  after  atom  of  pyrites  may  be  pre- 
cipitated, and  ready,  under  favourable  drcumstances,  to  replace  the 
osjgen,  hydrogen,  and  carbon  into  which  the  original  body  would  be 
nsdved. 

The  late  Dr.  Tomer  observes,  that  when  mineral  matter  is  in  a 
"  nascent  state,"  that  is  to  say,  just  liberated  from  a  previous  state  of 
diemical  combinadon,  it  is  most  ready  to  unite  with  other  matter, 
and  form  a  new  chemical  compound.  Probably  the  particles  or  atoms 
juat  set  free  are  of  extreme  minuteness,  and  therefore  move  more 
freely,  and  are  more  ready  to  obey  any  impulse  of  chemical  affinity. 
Whatever  be  the  cause,  it  clearly  follows,  as  before  stated,  that  where 
organic  matter  newly  imbedded  in  sediment  is  decomposing,  there 
will  chemical  changes  take  place  most  actively. 

An  analysis  was  lately  made  of  the  water  which  was  flowing  off 
from  the  rich  mud  deposited  by  the  Boi^bly  river  in  the  Delta  of 
tbe  Gangee  after  the  annual  inundation.  This  water  was  found  to 
be  highly  charged  with  carbonic  acid  gas  holding  lime  in  solution,  f 
Now  if  newly-deposited  mud  is  thus  proved  to  be  permeated  by 
mineral  matter  in  a  state  of  solution,  it  is  not  difficult  to  perceive 
that  decompoaing  organic  bodies,  naturally  imbedded  in  sediment 
may  ae  readily  become  petrified  as  the  substances  artificially  im- 
mersed by  Frafessor  Goppert  in  various  floid  mixtures. 

•  ToL  L  p.  399.  flrM  Kriaa 

f  Ciddingwa,  Aatat,  Bewsroh.  vol  xviii.  p.  aM. 
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It  is  irell  known  thmt  the  water  of  BpringB,  or  that  which  is 
continnsllj  percolating  tiie  earth's  crust,  is  rarely  &ee  ^m  a  slight 
Admixture  either  of  iron,  carbonate  of  Bme,  sulphur,  siUca,  potash,  or 
some  other  earthy,  alkkline,  or  inet«Uic  ingredient-  Hot  springs  in 
particnlar  are  copioosly  chaif;ed  with  one  or  more  of  these  elements  ; 
and  it  is  only  in  their  waters  that  silex  is  found  in  abnndioce.  In 
certain  cases,  therefore^  espedsUy  in  Tidcwiic  r^oDS,  we  may  imagine 
the  flint  of  silicifled  wood  and  corals  to  hare  been  supplied  by  the 
waters  of  thermal  springs.  In  other  instsnoes,  as  in  tripoli,  it  may 
have  been  derived  in  great  part,  if  not  wholly,  from  the  decomposi- 
tion of  diatomacen,  sponges,  and  otho:  bodies.  Bat  even  if  this  be 
granted,  we  have  still  to  inquire  whence  a  lake  or  the  ocean  can  be 
constantly  replenished  with  the  calcareoas  and  aliceous  matter  so 
abnndantiy  withdrawn  from  it  by  the  secretions  of  living  beings. 

In  regwd  to  cU'bonate  of  lime  there  is  no  difficulty,  because 
not  only  ar6  calcareoas  sj^ngs  very  natnerous,  but  even  rain- 
water, when  it  fUla  on  ground  where  v^;etable  matter  is  decom- 
posing, may  become  so  ohai^^ed  with  carbonic  acid  as  to  acquire  a 
power  of  dissolving  a  minute  portion  of  the  calcareous  rocks  over 
which  it  flows.  Hence  marine  corals  and  mollnsca  may  be  provided 
by  rivers  with  the  materials  of  their  shells  and  solid  supports.  But 
pure  silex,  even  when  reduoed  to  the  finest  powder  and  boiled,  is 
insoluble  in  water,  exeept  at  very  high  temperatures.  Nevertheless, 
Dr.  Turner  has  well  exphuned,  in  an  essay  on  the  chemistry  of 
geoh^*,  how  the  decomposition  of  felspar  may  be  a  source  of  silex 
in  solution.  He  has  remarked  that  the  siliceous  earth,  wtuch  con- 
stitutes more  than  half  the  bulk  of  felspar,  is  intimately  combined 
with  alomine,  potash,  and  some  other  elements.  Ihe  alkaline  matter 
of  the  felspar  has  a  chemical  affinity  for  water,  as  also  for  the  car- 
bonic acid  which  is  more  or  lees  contained  in  the  waters  of  most 
springs.  The  water  therefore  carries  away  alkaline  matter,  and 
leaves  behind  a  clay  consistiag  of  altuiine  and  silica.  But  this  r^ 
sidoe  of  the  decomposed  mineral,  which  in  its  purest  state  is  called 
porcelain  clay,  is  found  to  contain  a  part  only  of  the  silica  which 
existed  in  the  original  felspar.  The  other  part,  therefore,  must  have 
been  dissolved  and  removed :  and  this  can  be  accounted  for  in  two 
ways ;  firsts  becauEo  silica  when  combined  with  an  alkali  is  soluble 
in  water ;  secondly,  because  silica,  in  what  is  technically  called  its 
nascent  state,  is  also  soluble  in  water.  Hence  an  endless  supply  of 
silica  is  afibrded  to  rivers  and  the  waters  of  the  sea.  For  the  fel- 
spathic  rocks  are  universally  distributed,  constituting,  as  they  do, 
so  large  a  proportion  of  the  volcanic,  plutonic,  and  metamorphic  for- 
mations.  Even  where  they  chance  to  be  absent  in  mass,  they  rarely 
fail  to  occur  in  the  snperflcial  gravel  or  allnvial  deposits  of  the  baon 
of  every  large  river. 

The  disintegration  of  mica  also,  another  mineral  which  enters 
largely  into  the  compoeitiou  of  granite  had  various  sandstones,  may 

•  Jam.  Ed.  New  FtdL  Jonin.  No.  30.  p.  94B. 
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yield  ailica  which  uuy  he  diasoWed  in  wMer,  for  neiriy  hftlf  of  this 
mineral  consista  of  ^ca,  combined  vrith  alnmine,  potuh,  and  aboat 
a  tenth  part  of  iron.  The  oxidation  of  this  iron  in  the  wr  is  tbe 
principal  cause  of  the  waste  ot  mic& 

We  hftTO  still,  however,  mnch  to  learn  before  the  conversion  of 
foBsil  bodies  into  stone  is  fnlly  nnderstood.  Some  phenomena  seem 
to  imply  that  the  miaenJization  mnst  proceed  vith  oonsiderable 
rapidity,  for  stems  of  a  soft  and  saccnlent  character,  and  of  a  most 
perishable  nature,  are  preseired  in  flint ;  and  there  ue  instances  of  the 
oomplete  siUdfioation  of  the  yoni^  leaves  of  a  palm-tree  when  jiut 
about  to  shoot  fortjii,  and  in  that  state  which  in  the  West  Indies  is 
called  the  cabbage  of  the  palm.*  It  may,  however,  be  questioned 
whether  in  such  cases  there  may  not  have  been  some  antiseptic  quality 
in  the  water  which  retarded  putrefaction,  so  that  the  soft  parts  of  the 
buried  substance  may  have  remained  for  a  long  time  without  diun- 
tegratioD,  like  the  flesh  of  bodice  imbedded  in  peat. 

Mr.  Stokes  has  pointed  out  examples  of  petri&ctioDS  in  which  the 
more  perishable,  and  others  where  ^e  more  durable,  portions  of  wood 
are  preserved.  These  variations,  he  suggests,  mnst  donbtlesB  have 
depended  on  the  time  when  the  lapidifying  mineral  was  intoodnced. 
HiuB,  in  certain  silieifled  stems  of  palm-trees,  the  cellular  tissue,  that 
most  destructible  part,  is  in  good  ccndition,  while  all  signs  of  the 
bard  woody  fibre  iiave  disiqipeared,  the  space*  onoe  occupied  by  it 
being  tudlow  or  filled  with  agate.  Hrae,  petritaction  mnst  have  com- 
menced soon  after  the  wood  was  exposed  to  the  action  of  moisture^ 
and  the  supply  of  mineral  matter  must  then  have  fiuled,  or  the  water 
most  have  become  too  much  dilated  before  tJte  woody  fibre  decayed. 
Bat  when  this  fibre  is  alone  discoverable,  we  mnst  snppoee  that  an 
interval  of  time  elapsed  before  the  commencement  of  lapidification, 
during  which  the  cellnlar  tisane  was  obliterated.  When  both  struc- 
tures, namely,  the  cellnlar  and  the  woody  fibre,  are  preserved,  the 
process  must  have  commenced  at  an  early  period,  and  continued 
without  intermptioD  till  it  was  completed  tlironghont.f 

*  Su^ea,  GeoL  Traiu.,  toL  t.  p.  aia.  Mvund  wrks.  t  ^^*^ 
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CHAPTER  T. 

SUTATKHT  or  BTB&TA  ABOTl  TBB  8EA. — HOBUOHTAI.  AXD  OFCUIRD 

STRATmOATIOir. 

WIij  the  poeitiaii  of  miiine  ftrau,  above  Ihe  level  of  tbe  kb,  should  be  refand  to 
the  riniig  np  of  tHB  luid,  not  to  the  going  down  of  the  aea — U{JieftTal  oT  exten- 
dre  miMM  of  hotiiontd  itrata — bidined  uid  veitjcal  itnUification — *ntii-lin.l 
and  ijndiiiil  Inm — Bent  Rnu  in  e«t  of  BeotUnd — Uteorr  (rf  fiildii^  bj 
lKanliDo««B«it— Cteoim— Dip  aid  Kriks — Strnctcre  of  Iha  Jon— Twioni 
fatxoi  of  oulcrofi — Bock*  broken  bj  flezore — Jnwted  pcNition  of  diMBited 
gtiMa — Uncanfbnnoble  UtatificatiDn — BuUon  tai  Pla^bir  oa  the  ume — 
pictures  of  stnlA — Polished  snrfaces — Finlta — Appeanoce  of  repented  alter- 
natiocu  prodnced  by  them — Origin  of  great  fiuilt*. 

Lakd  hat  been  raittd,  not  the  tea  lowered. — It  bu  been  alreadj 
at&ted  th&t  the  aqneoQB  rock)  containing  marinB  fossils  extend  over 
wide  continental  tracts,  and  are  seen  in  mountain  chains  rising  to 
great  heights  abore  the  lerel  of  the  sea  (p.  4.).  Hence  it  foUowa,  that 
what  is  now  diy  land  was  once  under  water.  Bat  if  we  admit  this 
CDQchisioD,  we  mast  imagine,  either  that  there  has  been  a  general 
lowering  of  the  waters  of  the  ocean,  or  that  the  solid  rocks,  once  covered 
hj  water,  haTe  been  raised  up  bodily  oat  of  the  sea,  and  have  thos 
become  dry  land.  The  earlier  geolt^isls,  finding  themselves  rednced 
to  this  alternative,  embraced  the  former  opinion,  assnming  that  the 
ocean  was  originallj  unircrsal,  and  bad  gradnallj  snnk  down  to  its 
actual  level,  so  that  the  present  islands  and  continents  were  left  dry. 
It  seemed  to  them  far  easier  to  conceive  that  the  water  bad  gooe 
down,  than  that  solid  land  had  risen  upwards  into  its  present  po«6on. 
It  was,  however,  impossible  to  invent  any  satisfactwy  hypothesis  to 
explain  the  disappearance  of  so  enormous  a  body  of  water  tftf  onghont 
the  globe,  it  being  necessary  to  infer  that  the  ocean  had  once  stood 
at  whatever  height  marine  shells  might  be  detected.  It  moreover 
appeared  clear,  as  the  science  of  Geology  advanced,  that  certain  spaces 
on  the  globe  had  been  alternately  sea,  then  land,  then  estuary,  then 
sea  agsin,  and,  lastly,  once  more  habitable  land,  having  remained  in 
each  of  these  states  for  considerable  periods.  In  order  to  account  for 
such  phenomena,  without  admitting  any  movement  of  the  land  ited^ 
we  are  required  to  imagine  several  retreats  and  returns  of  the  ocean ; 
and  even  then  our  theory  applies  merely  to  cases  where  the  marine 
Strata  composing  the  diy  land  are  horizontal,  leaving  unexplained 
those  more  common  instances  where  strata  are  inclined,  curved,  or 
placed  on  their  edges,  and  evidently  not  in  the  position  in  which  they 
were  first  deposited. 

Geologists,  therefore,  were  at  last  compelled  to  have  recourse  to 
the  other  alternative,  namely,  the  doctrine  that  the  solid  land  has 
been  repeatedly  moved  upwards  or  downwards,  so  as  permanently  to 
change  its  position  relatively  to  the  sea.    There  are  several  distinct 
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gronnda  for  prefemng  tliia  conclusion.  First,  it  wilt  Mronnt  equally 
for  the  position  of  those  elevated  maaBOn  of  marine  origin  in  which 
the  stratification  remuns  horisontal,  and  for  those  in  which  the  strata 
are  disturbed,  broken,  inclined,  or  verticaL  Secondly,  it  is  consistent 
with  human  experience  that  land  should  rise  gradually  in  some  plaoes 
and  be  depressed  in  otheia.  Such  changes  have  actuUy  oocnrred  in 
our  own  days,  and  are  now  in  progress,  having  been  auoompaiued  in 
some  cases  by  violent  oonv^ione,  while  in  others  they  have  pro- 
ceeded so  insensibly,  as  to  have  been  asoertainafale  tmly  by  the  most 
careful  sdenttfic  observations,  made  at  considerable  intervals  of  time. 
On  the  other  hand,  there  is  no  evidence  from  hnman  experience  of 
a  lowaring  of  the  sea's  level  in  any  r^on,  and  the  oeeaa  cannot  unk 
in  one  place  without  its  level  being  depressed  all  over  the  globe. 

These  preliminary  remarks  will  prepare  the  reader  to  understand 
the  great  tiieoretical  interest  attached  to  all  facts  connected  with  the 
position  of  strata,  whether  horisontal  or  inclined,  curved  or  verticaL 

Now  the  first  and  most  simple  appearance  is  where  strata  of 
marine  origin  occur  above  the  level  of  the  sea  in  horizontal  position. 
Such  are  the  strata  which  we  meet  with  in  the  south  of  Sicily,  filled 
with  shells  for  t^  most  part  of  the  same  species  as  those  now  living 
in  the  Mediterranean.  Some  of  these  rocks  rise  to  the  height  of 
mote  than  2000  feet  above  the  sea.  Other  movntaln  masses  might 
be  mentioned,  composed  of  horiiontal  strata  of  high  antiquity,  which 
contain  fossil  remains  of  animals  wholly  dissimilar  from  any  now 
known  to  exist  In  the  south  of  Swedc^  for  example,  near  Lake 
Weoer,  the  beds  of  one  of  the  oldest  of  the  fossitiferons  deposits, 
namely  that  formerly  called  Transition,  and  new  Silurian,  by  geo- 
It^^ists,  occur  in  as  level  a  poution  a»  if  tbey  had  recently  formed 
part  of  the  delta  of  a  great  river,  and  been  left  dry  on  the  retiring  of 
the  annnal  floods.  Aqueous  rocks  of  about  the  same  age  extend  Uxe 
hundredsof  miles  over  the  lake-district  of  North  America,  and  exhibit 
in  like  manner  a  stratification  nearly  undisturbed.  The  Table  Moon- 
tun  at  the  Cape  of  Good  Hope  is  another  example  of  highly  elevated 
yet  perfectly  horizontal  strata,  no  less  than  SfiOO  feet  in  thickness 
and  consisting  of  sandstone  of  very  ancient  date. 

Instead  of  imagining  that  such  fossiliferons  rocks  were  always  at 
their  present  level,  and  that  the  sea  was  once  high  eooogh  to  cover 
them,  we  suppose  them  to  have  constituted  the  ancient  bed  of  the 
oceu,  and  that  they  were  gradually  aplil^  to  th«i  present  h^ght. 
TluB  idea,  however  startling  it  may  at  first  appear,  is  quite  in 
accordance,  as  before  stated,  with  the  analogy  of  changes  now  going 
on  in  certain  regions  of  the  globe.  Thus,  in  parts  of  Sweden,  and 
the  shores  and  islands  of  the  Gulf  of  Bothnia,  proofs  have  been 
obtained  that  the  land  is  experiencing,  and  bos  experienced  for 
centuries,  a  slow  upheaving  movement.  Flayfur  argued  in  Eavoor 
of  this  opinion  in  1802  ;  and  in  1807,  Von  Buch,  after  his  travels  in 
Scandinavia,  announced  his  conviction  that  a  rising  of  the  land  was 
in  progress.  Celsius  and  other  Swedish  writers  had,  a  century 
before,  declared  their  belief  that  a  gradual  change  had,  for  age^ 
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been  taking  plioe  in  the  reUtive  level  nf  land  and  se^  Thej  attri- 
buted the  change  to  a  fall  of  the  waters  both  of  the  ocean  and  the 
Baltic  This  theoi7,  however,  has  now  been  refuted  hj  abandant 
evid^ioe;  tot  the  ahra^titm  of  relatiTe  level  has  neither  been 
nnivenal  nor  everywhere  nniform  in  qnaotitj,  bnt  has  amounted, 
in  some  regions,  to  several  feet  ia  a  centar}',  in  others  to  a  few 
inches ;  while  in  the  southernmost  part  of  Sweden,  or  the  province 
of  Scuiia,  there  has  been  actuallf  a  loss  instead  of  a  gun  of  land, 
bnildings  having  gradaally  snnk  below  the  level  of  the  sea." 

It  appears,  from  the  observations  of  Ifr.  Darwin  and  others,  that 
YNj  extensive  r^ons  of  the  continent  of  Sonth  America  have  been 
undergoing  slow  and  gradual  upheaval,  b;  which  the  level  pluns  of 
Patagonia,  covered  with  recent  marine  shells,  and  the  Pampas  of 
Bnenos  Ayres,  have  been  raised  above  the  level  of  the  sea.f  On  the 
other  hand,  the  gradual  sinking  of  the  west  coast  of  Greenland,  for 
the  space  of  more  than  €00  miles  from  north  to  south,  during  the 
last  four  centuries,  has  been  established  hj  the  observatians  of  a 
Danish  nattmdist,  Dr.  Fingel.  And  while  these  proofs  of  continental 
elevalion  and  snbsideaoe,  by  slow  and  insensible  movements,  have 
been  recently  brought  to  light,  the  evidence  has  been  duly  strength- 
ened of  continued  changes  of  level  effected  by  violent  convulsions 
in  countries  where  earthquakes  are  frequent  T^re  the  rocks  are 
rent  from  time  to  time,  and  heaved  up  or  thrown  down  several  feet 
at  once,  and  disturbed  in  such  a  manner,  that  the  original  poaidon  of 
strata  may,  in  the  course  of  centuries,  be  modified  to  any  amount 

It  has  also  been  shown  by  Hr.  Darwin,  that,  iu  those  seas  where 
drcular  coral  islands  and  barrier  reefs  abound,  there  is  a  slow  and 
condnued  unking  of  the  submarine  mountains  on  which  the  masses 
of  coral  are  based ;  while  there  are  other  areas  of  the  Sonth  Sea, 
where  the  land  is  on  the  rise,  and  where  coral  has  been  upheaved  far 
above  the  sea-leveL 

It  would  require  a  volume  to  explain  to  the  reader  the  varioos 
facts  which  establish  the  reality  of  these  movements  of  land,  whether 
of  elevation  or  depression,  whether  accompanied  by  earthquakes  or 
accomplished  slowly  and  without  local  disturbance.  Having  treated 
fully  of  these  subjects  in  the  Principles  of  Geology},  I  shall  assume, 
in  the  present  work,  that  such  changes  are  part  of  the  actual  course 
of  nature  j  and  when  admitted,  they  will  be  found  to  afibrd  a  key  to 
the  interpretation  of  a  variety  of  geological  appearances,  such  sa  the 
elevation  of  horizontal,  inclined,  or  disturbed  marine  strata,  and  the 
superposition  of  freshwater  to  marine  deposits,  afterwards  to  be 
described.    It  will  also  appear,  in  the  sequel,  how  much  light  the 

■  In  the  Bnt  ibree  editiona  af  mj  opinion  in  the  PhiL  Trans.  1835,  Fart  I. 

Trinciple*  of  Geology,  I  eipreraed  man;r  Bee  also  the  PrindpleB,  4lh  and  aabie- 

doabta  Bi  to  the  Tslidity  of  the  alleged  qnimt  editions. 

pTOoft  of   a  gradual  riw  of   land    in  ^  9ee  his  Journal  of  a  Naturahst  in 

Sweden  ;  but  after  Tinting  that  coonlr}',  Vojage  of  the  Beagle,  and  hja  woA  on 

in  1B34. 1  reCnulcd  these  objectiona,  and  Coral  Reefa^ 

pnbliahed  a  ddailed  statement  of  the  X  Seechapazx-rii.  tozxxiLittclunTe, 

□beeTTalioos  which  led  me  to  alUa  mj  and  chap.  L 
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doctrine  of  a  coatinaed  flnbaidence  of  land  nmy  ibrow  on  the  manner 
in  which  a  aeries  of  strata,  formed  in  shallow  water,  maj  have  accn- 
molated  to  a  great  thicknMO.  The  ezcarstion  of  vaUe^s  aUo,  and 
other  effects  of  detuidatum,  of  which  I  shall  presently  treat,  can  alone 
be  nnderstood  when  we  dolj  s^predate  the  proofs,  now  on  record, 
of  the  prolonged  rising  and  sinking  of  land,  throughont  wide  areas. 

To  conclude  this  subject,  I  may  remind  the  reader,  that  were  we 
to  embrace  the  doctrine  which  ascribes  the  elevated  positioo  of  marine 
formations,  and  the  depression  of  certain  freshwater  strata,  to  osdl- 
lations  in  the  level  of  the  waters  instead  of  the  land,  we  should  be 
compelled  to  admit  that  the  ocean  has  been  sometimes  every  where 
much  shallower  than  at  present  uid  at  others  more  than  three  miles 
deeper. 

Inelitud  itratifieaitoti The  most  nneqnivocal  evidence    of   a 

change  in  the  original  position  of  strata  b  afforded  by  their  standing 
up  perpendicnlarly  on  their  edge^  which  is  by  no  means  a  rare 
phenctnenon,  especially  in  mountainons  coontries.  Thns  we  find  in 
Scotland,  on  the  southern  skirts  of  the  Grampians,  beds  of  pndding- 
stone  altemadng  with  thin  layers  of  fine  sand,  all  placed  vertically 
to  the  horizon.     When  Sanssure  first  ob-  ^.    . 

served  certun  conglomerates  in  a  limi- 
Jar  positioo  in  the  Swiss  Alps,  he  re-    'S|j5~v^ 
marked  that  the  pebbles,  bebg  for  the    g  ;  '•Rrr"^?~r\ 
most  part  of  an  oval  shape,  had  their     g  '.  i^i    '^  *To^ 
longer  axes  parallel  to  tiie  planes  of     0:  (["t oll^ol     '||\ 
stratification   (see  flg.  61.).     From  this    (j^',  jj^^C  g  » J  (' I  ■  \ 

he  inferred,  that  such  strata  mns^  at  I — U — tl — _ £l U-j — 

firs^  have  been  herizontal,  each  oval  Vrrtk.d<™gio«r^«,d««i..«». 
pebble  having  originally  settled  at  the  bottom  of  the  water,  with  its 
flatter  side  parallel  to  the  horizon,  for  tha  same  reason  that  an  egg 
will  not  stand  on  either  end  if  unsapported.  Scmie  few,  indeed,  of 
the  rounded  stones  in  a  conglomerate  occasionally  ^ord  an  exception 
to  the  above  rule,  for  the  same  reason  that  we  see  on  a  shingle  beach 
some  oval  or  fiat-sided  pebbles  resting  on  their  ends  or  edges  ;  these 
having  been  forced  along  the  bottom  and  against  each  other  by  a 
wave  or  cnrrent  so  as  to  settle  in  this  position. 

Yerticsl  strata,  when  tbey  can  be  traced  continuonsly  upwards  or 
downwards  for  some  depth,  are  almost  invariably  seen  to  be  parts  of 
great  curves,  which  may  have  a  diameter  of  a  few  yards,  or  of  seversl 
miles.  I  shall  first  describe  two  curves  of  considerable  regularity, 
which  occur  in  Forfarshire,  extending  over  a  country  twenty  milca  in 
breadth,  from  the  foot  of  the  Grampians  to  the  sea  near  Arbroath. 

The  moss  of  strata  here  shown  may  be  nearly  2000  feet  in  thick- 
ness, consisting  of  red  and  white  sandstone,  and  various  coloured 
'  shales,  the  beds  being  distingaishable  into  four  principal  groups, 
namely,  No.  1.  red  marl  or  shale;  No.  2.  red  sandstone,  used  for 
buUding ;  No.  3.  conglomerate ;  and  No.  4.  grey  paving-stone,  and 
tile-stone,  with  green  and  reddish  shale,  containing  peculiar  organic 
remains.     A  gluice  at  the  section  will  show  that  each  of  the  forma- 
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tioiis  2,  8,  4,  ve  npeftted  thrice  at  the 
anrfftce,  twice  with  t.  southerly,  utd  once 
with  k  northerly  indinatitm  or  dip,  and 
the  bede  in  No.  1.,  which  tie  nemrly 
horirontsli  ue  still  brought  np  twice  bj 
a  slight  CQTTBtnre  to  the  sorfice,  onoo 
f     on  eftch  eide  of  A.    Be^ning  at  the 
nortb-weat  eztremi^,  the  tile-stones  and 
conglomentes  No.  4.  and  No.  3.  are  ver- 
tical, and  they  generally  form  a  ridge 
parallel  to  the  eonthem  skirts   of  the 
Gmnpiuis.     The  saperior  strata  Nos.  2. 
and  1 .  become  less  and  less  inclined  on 
descending  to  the  valley  of  Strathmore, 
^  where   the   rtrata,   having    a    concave 
^1  bend,,  are  said  by  geolc^ists  to  lie  in 
I*  a  "troagh"  or  "basin."    Throngh  the 

fl  centre  of  this  valley  runs  an  imaginai7 
.8  line  A,  called  technically  a  "syncUnal 
"I  line,"  where  the  beds,  which  are  tilted 
^°  in  opposite  directions,  may  be  supposed 
ll  to  meet     It  is  mort  important  for  the 

J  5  observer  to  msi-k  snch  lines,  for  he  will 
percrfve  by  the  diagram,  that  in  travel- 
ling frtm  the  north  to  the  centre  of  the 
bann,  he  is  always  pasring  from  older 
to  newer  beds;  whereas,  after  taroesing 
the  line  A,  and  porsaiog  his  cotuse  in 
the  same  sontherly  direction,  he  is  con- 
tinudly  leaving  the  newer,  and  advanc- 
ing upon  older  strata.  All  the  deposits 
-which  be  had  before  examined  b^in 
then  to  recur  in  reversed  order,  nntil  be 
arrives  at  the  central  axis  of  tie  Sidlaw 
hills,  where  the  straU  are  seen  to  form 
an  arch  or  Maddle,  having  an  anticlinal 
line  B,  in  the  centre.  On  passing  this 
One,  and  continning  towards  the  S.  K.,  the  fonnations  4,  3,  and  2,  are 
again  repeated,  in  the  same  relative  order  of  saperposition,  bat  witi» 
a  southerly  dip.  At  Whiteness  (see  diagram)  it  will  be  seen  that  U>© 
inclined  strata  are  covered  by  a  newer  deposit,  a,  in  horizontal  beds. 
These  are  conposed  of  red  conglomerate  and  sand,  and  are  newer 
than  any  of  the  groups,  1,  2,  3,  4,  before  described,  and  rest  uncm- 
formably  upon  straU  of  the  sandstone  group,  No.  2. 

An  example  of  curved  strata,  in  which  the  bends  or  convolutions  ■ 
of  the  rock  are  sharper  and  far  more  numerous  within  an  eqoal  space, 
has  been  weU  described  by  Sbr  James  HalL»    It  occurs  near  St. 
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Abb's  Head,  on  tbe  east  coast  of  Scotland,  where  the  rocks  conaigt 
principally  of  a  blnisb  slate,  having  freqaeotly  a  ripple-marked  sur- 
face.    The  usdulations  of  the  beds  reach  from  the  top  to  the  bottom 


CangdnnU<f>IUaDaH9UAbb'tH«d.Benrlctitiln.    (Slrl.Halt.) 

of  cliff's  from  200  to  300  feet  in  height,  and  there  are  uxteen  distinct 
bendings  in  the  coarse  of  about  six  miles,  the  ciuratures  being  alter- 
nately concave  and  convex  upwards. 

An  experiment  vas  made  hj  Sir  James  Hall,  with  a  view  of  illus- 
trating the  manner  in  which  such  strata,  assuming  them  to  have  been 
originally  horizontal,  may  have  been  forc^  into  their  present  position. 
A  set  of  layers  of  clay  were  placed  under  a  weight,  and  their  oppo- 
site ends  pressed  towards  eadi  other  with  such  force  as  to  cause  them 
to  approach  more  nearly  together.  Oa  the  removal  of  the  weighty 
the  layM^  of  clay  were  found  to  be  curved  and  folded,  so  as  to  bear 
a  miniature  resemblance  to  the  strata  in  the  cliffs.  We  must,  how- 
ever, bear  in  mind,  that  in  the  natural  section  or  sea-eliff  we  only 
see  the  foldings  imperfectly,  one  part  being  invisible  beneath  the 
sea,  and  the  other,  or  upper  portion,  being  supposed  to  have  been 
carried  away  by  denudation,  or  that  action  of  water  which  will  be 


expluned  in  the  next  chapter.  The  dark  lines  in  the  accompanying 
plan  (fig.  64.)  represent  what  is  actually  seen  of  the  strata  in  part  of 
the  line  of  cliff  alluded  to;  the  fainter  lines,  that  portion  which  is 
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concealed  beuefttb  tfae  Bea  level,  rs  also  that  which  is  roppoeed  to 
have  once  existed  above  the  preaent  amface. 

We  may  atill  more  easily  iUnstrate  the  eSects  which  » lateral  thnut 

might  produce  <ai  fleiible  strata,  by  placing  several  pieces  of  differ- 

entlj  coloured  cloths  upon  a  table,  and  when  they  are  spread  out  hori- 

Fi|.n. 


zontally,  cover  them  with  a  book.  Hen  apply  other  books  to  each 
end,  and  force  them  towards  each  other.  The  folding  of  the  cloths 
will  exactly  imiute  those  of  die  bent  strata.    (See  fig.  65.) 

Whether  the  analogous  flexures  iu  stratified  rocks  have  really  been 
due  to  similar  sideway  movemeiits  is  a  question  of  consideraUe  difil- 
culty.  It  will  appear  when  the  Tolcanic  and  granitic  rocks  are  de- 
scribed that  some  of  them  have,  when  melted,  been  injected  fcmably 
into  fissures,  while  others,  already  in  a  solid  state,  have  been  pro- 
truded upwards  throngh  the  incumbent  crust  of  the  earth,  by  which 
a  great  displat^ment  of  flexible  strata  must  have  been  caused. 

But  we  also  know  by  the  study  of  regions  liable  to  eartliquakes^ 
that  there  are  causes  at  work  in  the  interior. of  the  earth  citable  of 
producing  a  sinking  in  of  the  ground,  sometimes  very  local,  but  scnoe- 
timea  extending  over  a  wide  area.  The  frequent  repetition,  or  con- 
tinuanee  throughout  long  periods,  of  such  downward  movements 
seems  to  imply  the  formation  and  renewal  of  cavities  at  a  certain 
depth  below  the  surface,  whether  by  the  removal  of  matter  by  vol- 
canoB  and  hot  springs,  or  by  the  contraction  of  argillaceous  rooks  by 
heat  and  pressure,  or  any  other  combination  of  circumstances.  What- 
ever coiyectares  we  may  indulge  respecting  the  causes,  it  is  certain 
that  pliable  beds  may,  in  consequence  of  unequal  degrees  of  subsi- 
dence, become  folded  to  any  amount,  and  have  all  the  appearance  of 
having  been  compressed  suddenly  by  a  lateral  thrust. 

The  "  Creeps,"  as  they  are  called  in  coal-mines,  afford  an  excellent 
illustration  of  this  fact — First,  it  may  be  stated  generslly,  that  the 
excavation  of  coal  at  a  considerable  depth  causes  the  mass  of  over- 
lying strata  to  sink  down  bodily,  even  when  props  are  left  to  support 
the  roof  of  the  mine.  "  In  Yorkshire,"  says  Mr.  Buddie,  "  three  dis- 
tinct subsidences  were  perceptible  at  the  surface,  after  the  clearing 
out  of  three  seams  of  coal  below,  and  innumerable  vertical  cracks 
were  caused  in  the  incumbent  mass  of  sandstone  and  shale,  which 
thus  settled  down."*    The  exact  amount  of  depression  in  these  caaea 

■  FroceediDBi  of  GrwL  Soc  vol.  iii.  p.  148. 
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cui  only  be  ucnntely  measured  where  WAter  accamnlaiefl  on  the 
snrfkce,  or  r  railway  traTersee  a  coal-field. 

When  a  bed  of  coal  is  woiied  ont,  pillars  car  rectangular  masses 
(S  coal  aie  left  at  intervals  as  props  to  support  the  roof,  and  protect 
the  colliers.     Thus  in  fig,  66.,  representing  a  sectiou  at  Wallsend, 


'.I 

f  i 

ii 


I  i 

\l 

if 
ii 

li 
ii 


!■ 


Kewcastle,  the  galleries  whicfa  have  been  excavated  are  represented 
by  the  white  spaces  a  b,  while  die  adjoining  dark  portions  are  parts 
of  the  original  coal-seam  left  as  props,  beds  of  sandj  clay  or  shale 
constitnting  the  floor  of  the  mine.     When  the  props  have  been  re- 
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dnced  in  eiie,  tbey  ftre  pressed  down  hy  the  weight  of  orerijiog  to<^ 
(no  less  than  680  feet  ^ck)  upon  the  shftle  beloir,  whidi  is  therebj- 
squeesed  and  forced  np  into  the  open  ipacee. 

N'ow  it  might  have  been  expected,  that  instead  of  the  floor  rising 
up,  the  ceiling  would  sink  down,  uid  this  effect,  called  a  "  Throst," 
does,  in  fact,  take  place  where  the  pavement  is  more  solid  than  the 
roof.  But  it  usu^y  h^pens,  in  coal^mine^  that  the  roof  is  com- 
posed of  bard  shale,  or  occasionally  of  sandstone,  more  unjielding 
thhn  the  foundation,  which  often  consists  of  claj.  Even  where  the 
argillaceous  substrata  are  hard  at  first,  the;  soon  become  softened 
and  reduced  to  a  plastic  state  when  exposed  to  the  contact  of  air  and 
water  in  the  floor  of  a  mine. 

The  first  symptom  of  a  "  creep,"  says  Mr,  Buddie,  is  a  slight  cur- 
vature at  the  bottom  of  each  gallery,  as  at  n,  fig.  66.:  then  the 
parement  continmng  to  rise,  begins  to  open  with  a  longitudinal 
crack,  as  at  £  .*  then  the  points  of  the  fractured  ridge  reach  the  roo^ 
as  at  e  ;  and,  lastly,  the  upraised  beds  close  up  the  whole  gallery,  and 
the  broken  portions  of  the  ridge  are  re-united  and  flattened  at  the 
top,  exhibiting  the  flexure  seen  at  d.  Meanwhile  the  coal  in  the 
props  has  become  crushed  and  cracked  by  pressure.  It  is  also  found 
that  below  the  creeps  a,  b,  e,  d,  »n  inferiOT  Btratam,  called  the 
"  metal  coal,"  which  is  3  feet  thick,  has  been  fractured  at  the  points 
'tASt  ^1  i^nd  has  risen,  so  as  to  prove  that  the  upward  movement, 
cansed  by  the  working  out  of  the  "  main  coal,''  has  been  propagated 
through  a  thickness  of  54  Feet  of  argillaceous  beds,  which  intervene 
between  the  two  coal  seams.  This  same  displacement  has  also  been 
traced  downwards  more  than  150  feet  below  the  metal  coal,  but  it 
grows  continually  less  and  less  until  it  becomes  imperceptible. 

No  part  of  the  process  above  described  is  more  deserving  of  our 
notice  than  tlie  slowness  with  which  the  change  in  the  arrangement 
of  the  beds  is  brought  about.  Days,  months,  or  even  years,  will 
sometimes  elapse  between  the  first  bending  of  the  pavement  and  the 
time  of  its  reaching  the  roof.  Where  the  movement  baa  been  most 
rapid,  the  curvature  of  the  beds  is  most  regular,  and  the  reunion  of 
tbe  fracttired  ends  most  complete ;  whereas  the  signs  of  displacement 
or  violence  are  greatest  in  those  creeps  which  have  required  months 
or  years  for  their  entire  accomplishment.  Hence  we  may  conclude 
that  similar  changes  may  have  been  wrought  on  a  larger  scale  in  the 
earth's  crust  by  partial  and  gradual  subsidence^  especially  where 
the  ground  has  been  undermined  throughout  long  periods  of  time  ; 
and  we  most  be  on  our  guard  against  inferring  sudden  violence 
simply  because  the  distortion  of  the  beds  is  excessive. 

Between  the  layers  of  shale,  accompanying  coal,  we  sometimes  see 
the  leaves  of  foMil  ferns  spread  out  as  regularly  as  dried  plants 
between  sheets  of  paper  in  the  herbarium  of  a  botanist.  These  fern- 
leaves,  or  fronds,  must  have  rested  borisontally  on  soft  mud,  when 
first  deposited.  If,  therefore,  they  and  the  layers  of  shale  are  now 
inclined,  or  standing  on  end,  it  is  obviously  the  effect  of  subsequent 
derangement.     The  proof  becomes,  if  possible,  still  more  striking 
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when  these  strata,  inoluding  T^etable  retnaina,  are  cnrred  again  ana 
again,  and  even  folded  into  the  form  of  the  letter  Z,  so  that  tha  same 
CMitinaoiu  lajer  of  coal  ia  «ut  through  Beveral  times  in  the  same 
perpendicular  shafL  Thus,  in  the  coal-field  near  Mons,  in  Belgium, 
Fi|.<r. 


ZigUf  flaxnrtt  of  coal  Df 

these  Bgz»g  bendings  are  repeated  four  or  five  times,  ii 
represented  in  fig.  67.,  the  bhick  lines  lepreeentiDg  seams  of  coaL* 

jy^i  and  StriAt.  —  In  the  above  remarks,  seTeral  technical  terms 
have  been  used,  such  as  dip,  the  uneon/brmabU  pontion  of  strata, 
and  the  atUichnal  and  syncUnai  lines,  which,  as  well  as  the  »trike  of 
the  beds,  I  shall  now  explain.  If  a  stratum  or  bed  of  rock,  instead 
of  being  quite  level,  be  inclined  to  one  side,  it  is  said  to  dip;  the 
point  of  the  compass  to  which  it  is  inclined  is  called  the  point  of  dip, 
and  the  degree  of  deviation  from  a  level  or  horizontal  Une  ia  called 
Fif.n.  th4  amount  of  dip,  or  the  angle 

"of  dip.  Thus,  in  the  annexed 
diagram  (fig.  68.),  a  series  of 
strata  are  inclined,  and  thej  dip 
to  the  north  at  an  angle  of  forty- 
five  degrees.  The  ttrike,  or  Une 
ofhtaring,  is  the  prolongation  or  extension  of  the  strata  in  a  directios 
at  right  attfflet  to  the  dip ;  and  hence  it  is  sometimes  called  the  di- 
rection of  the  strata.  Thus,  in  the  above  instance  of  strata  dipping 
to  the  north,  their  strike  must  necessarily  be  east  and  west.  We 
have  borrowed  the  word  from  the  German  geologists,  ttreiehen  sig- 
niijing  to  extend,  to  have  a  certain  direction.  Dip  and  strike  may 
be  aptly  illustrated  by  a  row  of  houses  running  east  and  west,  the 
long  ridge  of  the  roof  representing  the  strike  of  the  stratum  of  slatei^ 
which  dip  on  one  side  to  the  north,  and  on  the  other  to  the  south. 

A  stratum  which  is  horizontal,  or  quite  level  in  all  direc^ona,  has 
neither  dip  nor  strike. 

It  is  always  important  for  the  geol<^st,  who  is  endeavouring  to 
comprehend  the  structure  of  a  country,  to  learn  how  the  beds  dip  in 
every  part  of  the  district;  but  it  requires  some  practice  to  avoid 
being  occadonally  deceived,  both  as  to  the  point  of  dip  and  the 
•mount  of  it 
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If  the  upper  siirfkce  of  a  hard  atoaj  Btratnin  be  aacoTered,  whether 
artiflciaUj  in  a  quairy,  or  b^  the  wavet  at  the  foot  of  a  cliff,  it  is 
(Mj  to  detennine  tavarda  what  point  of  the  compass  the  slope  is 
steepest,  or  in  what  direction  water  would  flow,  if  poured  upon  it. 
This  is  the  true  dip.  But  the  edges  of  liighly  inclined  strata  omj 
gire  rise  to  perfectly  horizontal  lines  in  the  face  of  a  vertical  cli^  if 
the  observer  see  the  strata  in  the  line  of  their  strike,  the  dip  being 
inwards  from  the  face  of  the  cliff.  If,  however,  we  come  to  a  break 
in  the  cliff,  which  exhibits  a  section  exactly  at  right  angles  to  the 
line  of  the  strike,  we  are  then  able  to  ascertain  the  true  dip.  In  the 
annexed  drawing  (fig.  €9.),  we  may  suppose  a  headland,  one  side  of 


which  faces  to  the  north,  where  the  beds  would  appear  perfectly 
horizontal  to  a  person  in  the  boat;  while  in  the  other  nde  facing  tile 
west,  the  true  dip  would  be  seen  by  the  person  on  shore  to  be  at  mi 
angle  of  40°.  If,  therefore,  our  observations  are  confined  to  a  vertical 
precipice  facing  in  one  direction,  we  must  endeavour  to  find  a  ledge 
or  portion  of  the  plane  of  one  of  the  beds  projecting  beyond  the 
others,  in  order  to  aacertun  the  true  dip. 

It  is  rarely  important  to  determine  the  angle  of  inclination  with 
such  minuteness  as  to  require  the  aid  of  the  instrument  called  a 
clinometer.  We  may  measure  the  angle  within  a  few  degrees  by 
'^(■TO.  standing  exactly  opposite  to  a  cliff  whera 

the  true  dip  b  exhibited,  holding  the 
hands  immediately  before  the  eyes,  and 
placing  the  fingers  of  one  in  a  perpen- 
dicular, and  of  the  other  in  a  horizontal 
position,  as  in  fig.  70.  It  is  thus  easy 
to  discover  whether  the  lines  of  the  in- 
clined beds  bisect  the  angle  of  90°,  formed 
by  the  meeting  of  the  hands,  so  as  to  give 
i  an  angle  of  4fi°,  or  whether  it  would  di- 
vide the  space  into  two  equal  or  unequal 
portions.  The  upper  dotted  line  may  express  a  stratum  dipping  to 
the  north ;  but  should  the  beds  dip  precisely  to  the  opposite  pcdnt  of 
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the  ronpuB  as  in  the  lower  dotted  line,  it  will  be  seen  Uiftt  the  unouot 
cf  inclination  may  still  be  meaanred  by  the  hands  with  equal  facility. 
It  bu  been  already  seen,  in  describing  the  carved  strata  on  the 
eM  cosst  of  Scotland,  in  Forfarshire  and  Berwickshire,  that  a  series 
of  concave  and  convex  bendings  are  occasionally  repeated  several 
times.  These  usually  form  part  of  a  series  of  parallel  waves  of 
ttnta,  which  are  prolonged  in  the  same  direction  throaghout  a  con- 
ndersble  extent  of  country.  Thus,  for  example,  in  the  Swiss  Jura, 
that  lof^  chain  of  moantains  has  been  proved  to  consist  of  many 
partUel  ridgea,  with  intervening  longitudinal  valleys,  as  in  fig.  71., 
tfae  ridges  being  formed  by  curved  fossiliferons  strata,  of  which 
the  nature  and  dip  are  occasionally  displayed  in  deep  transverse 
gorges,  called  "  cliiBes,"  caused  by  fractures  at  right  angles  to  the 
direction  of  the  chain.*  Now  let  ns  suppose  these  ridges  and  parcel 
nUe^s  to  mn  north  and  south,  we  should  then  say  that  the  (MAe  of 
the  heds  is  north  and  sonth,  and  the  dip  east  and  west.  Lines 
drawn  along  the  summits  of  the  ridges.  A,  B,  would  be  anticlinal 
lines,  and  one  following  the  bottom  of  the  adjoining  valleys  a  syn- 
chnsl  line.  It  will  be  observed  that  some  of  these  ridges.  A,  B,  are 
unbroken  on  the  summit,  whereas  one  of  them,  C,  has  been  fractured 
■long  th%  line  of  strike,  and  a  portion  of  it  carried  away  by  denud- 
ation, so  that  the  ridges  of  the  beds  ia  the  formations  a,  b,  c,  come 

Flf.II. 


out  to  the  day,  or,  as  the  miners 

say,  crop  out,  on  the  sides  of  a 

._  valley.    The  ground  plan  of  such 

i  a  denuded  ridge  as  C,  as  given 

^  in  a  geological  map,  may  be  ex- 

I  pressed  by  the  diagram  fig.  72., 

^  and  the  cross  section  of  the  same 

by  fig.  73.     The  line  D  E,  fig.  72., 

is  the  anticlinal  line,  on  each  side 


See  IL  ThniToaim'B  work,  "  Eoai    rentniy,  Ttra,  183!,"  with  whom  I  ex- 
N  Sonliromeiu  JnrasslqneB dn Por-    unined  part  of  iheMn — *"-■  '"  '"" 
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of  which  the  dip  is  in  opposite  directions,  as  ezpresMd  bj  the 
arrows.  The  emei^ence  of  strata  at  the  surface  is  called  by  miners 
their  out-erop  or  batteL 

If,  instead  of  being  folded  into  parallel  ridges,  the  beds  form  a 
boss  or  dome-sh^>ed  protuberance,  and  if  we  suppose  the  summit 
of  the  dome  carried  off,  the  groKnd  plan  would  exhibit  the  edges  of 
the  strata  fonning  a  succession  of  circles,  or  ellipses,  round  a  ctmi- 
mon  centre.  These  circles  are  the  lines  of  strike,  and  the  dip  being 
always  at  right  angles  is  inclined  in  the  course  of  the  circuit  to  ererj 
point  of  the  compass,  constituting  what  is  termed  a  qua-quaversal 
dip  —  that  is,  turning  each  way. 

There  are  endless  variations  in  the  figures  described  by  the  basaet- 
edges  of  the  strata,  according  to  the  different  inclination  of  the  beds, 
and  the  mode  in  which  they  happen  to  have  been  denuded.  One  of 
the  simplest  rules  with  which  every  geologist  should  be  acquainted, 
relates  to  the  V-like  form  of  the  beds  as  they  crop  out  in  an  ordinary 
valley.  First,  if  the  strata  be  horizontal,  the  V-like  form  will  be 
also  on  a  level,  and  the  newest  strata  will  appear  at  the  grealeat 
heights. 

Secondly,  if  the  beds  be  inclined  and  intersected  by  a  valley 

sloping  in  the  seme  direction,  and  the  dtp  of  the  beds  be  less  sleep 

than  the  slope  of  the  valley,  then  the  V's,  as  they  are  often  termed 

by  miners,  will  point  upwiuds  (see  fig.  74.),  those  formed  by  the 

Fi(.T4.  newer  beds  appearing  in 

a  siq>erior  position,   and 

extending  highest  up  the 

valley,  as  A  is  seen  above 

B. 

Thirdly,  if  the  dip  of 
the  beds  be  steeper  than 
the  slope  of  the  raUey, 
then  the  Vs  will  point 
downwards  (see  fig.  75.), 
and  those  formed  of  the 
older  beds  will  now  appear 
uppermost,  as  S  appears 
above  A. 

Fourthly,  in  every  case 
where  the  strata  dip  in  a 
contrary  direction  to  the 
slope  of  the  valley,  what- 
ever be  the  angle  of  in- 
clinatioo,  the  newer  beds 
will  appear  the  highest, 
as  in  die  first  and  second 
cases.  This  is  shown  by 
the  drawing  (fig.  76.), 
which  exhibits  strata  ris- 
sioiw«iiii>TS)>,diFi>tiuauM^.  ing  at  an  angle  of  20°, 
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^•■^*-  and  crossed  by  >   valley, 

which  declines  in  aa  oppo- 
ut«  direction  at  20°.* 

These  rules  may  often 
be  of  great  practical  uti- 
lity ;  for  the  different  de- 
r  grees  of  dip  occurring  in 
the  two  ewes  represented 
in  figorea  74  and  76.  may 
occasionally  be  encoun- 
tered in  following  the  same 
line  of  flexure  at  points 
a  few  miles  distant  ixaca 
'     '   '  "^  each  other.     A  miner  un- 

acquainted with  Uie  rule,  who  had  first  explored  the  valley  (flg. 
74.),  may  have  sunk  a  vertical  abaft  below  the  coal  seam  A,  until 
lie  reached  the  interior  bed  B.  He  might  then  pass  t»  the  valley 
fig.  75.,  and  discovering  there  also  the  outcrop  of  two  coal  seams, 
might  begin  his  workings  in  the  uppermost  in  tlie  expectation  of 
coming  down  to  the  other  bed  A,  which  would  be  observed  cropping 
out  lower  down  the  valley.  But  a  glance  at  the  section  will  demon- 
strate the  futility  of  such  hopes. 

In  the  minority  of  cases,  an  anticlinal  axis  forms  a  ridge,  and  a 
synclinal  axis  a  valley,  as  in  A,  B,  fig.  62.  p.  48. ;  but  there  are 
Fi|.  n.  exroptions  to  this  rule,  the  beds  sometimes 

sloping  inwards  from  either  side  of  a  moun- 
tain, as  in  fig.  77. 
\  On  following  one  of  the  anticlinal  ridges 
of  the  Jura,  before  mentioned,  A,  B,  C,  fig, 
,  we  often  discover  longitudinal  cracks 
'  and  sometimes  lai^e  fissures  along  the  Une 
where  the  flexure  was  greatest  Some  of  these,  as  above  stated, 
have  been  enlarged  by  denudation  into  valleys  of  considerable  width, 
as  at  C,  fig.  71.,  which  follow  the  line  of  strike,  and  which  we  may 
■nppoee  to  have  been  hollowed  out  at  the  time  when  these  rocks  were 
fltiii  beneath  the  level  of  the  sea,  or  perhaps  at  the  period  of  their 
gradual  emergence  from  beneath  the  waters.  Tlie  existence  of  such 
cracks  at  the  point  of  the  sharpest  bending  of  solid  strata  of  limestone 
is  precisely  what  we  should  have  expected ;  but  the  occasional 
want  of  all  similar  signs  of  fracture,  even  where  the  strain  has  been 
greatest,  as  at  a,  fig.  7I-,  is  not  always  easy  to  explain.  We  must 
inugine  that  many  strata  oS  limestone,  chert,  and  other  rocks  which 
are  now  brittle,  were  pliant  when  bent  into  their  present  position. 

•  I  im  indebted  to  the  kiodneM  or  origiDBli,  toraing  them  abont  io  difennt 

T.  Sopwidi,  Esq.,  for  three  models  whiiA  *  Vi  he  vonld  at  once  comprdiend  Ibetr 

I  hare  copied  in  the  aboTe  diagrams  ;  meuung  sa  well  aa  the  import  of  otbeia 

bat  the  begiimer  ma;  find  it  bj  no  means  far  mere  compticated,  wmch  the  aann 

etn-toimderEtaDdanchcopiea.alctioash,  angineer  haa  eonitnicted   to   illulnto 

if  he  were  to  examiae  sad  handle  Uie  Javki. 
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Hie;^  niftj  have  owed  their  flexibility  is  part  to  the  fluid  matter 
which  they  coat^ed  in  their  minute  pores,  u  before  described 
(p.  35.),  and  In  part  to  the  permeation  of  sea-water  wliile  tliey  were 
jtX  submerged. 

At  the  western  extremity  of  the  Pyrenees,  great  cniratureB  of  the 
strata  are  seen  in  the  sea  (Jiffs,  where  the  rocks  consist  of  marl,  grit, 
and  chert    At  certain  points,  as  at  o,  fig.  78.,  some  of  the  headings 


StnU  otcbeil,  trll.  and 


of  the  flinty  chert  are  so  sharp,  that  specunens  might  he  broken  ofi^ 
well  fitted  to  serve  as  ridge-tiles  on  the  roof  of  a  house.  Althongh 
tbia  chert  could  not  have  been  brittle  as  now,  when  first  folded  into 
this  shape,  it  presents,  nevertheless,  here  and  there  at  the  points  of 
greatest  flexure  small  cracks,  which  show  that  it  was  solid,  and  not 
wholly  incapable  of  breaking  at  the  period  of  its  displacement.  The 
numerous  rents  alluded  to  are  not  empty,  but  filled  with  calcedony 
and  quaiti. 

Between    San   Catertna  and   Castrogiovanni,  in  Sicily,  bent  and 
undulating  gypeeoos  marls  occur,  with  here  and  there  thin  beds  of 


solid  gypsum  interstratified. 
these  solid  layers  have  been  broken  into 
detached  fragments,  still  preaerving  their 
sharp  edges  (^  g,  fig.  79.),  while  the  con- 
tinuity of  the  more  pliable  and  ductile 
marls,  m  m,  has  not  been  interrupted. 

I  shall  conclude  my  remarks  on  bent 
strata  by  stating,  that,  in  mountainoos 
regions  like  the  Alps,  it  is  of^n  difficult 
for  an  experienced  geologist  to  determine  correctly  the  relative  age 
of  beds  by  superposition,  bo  often  have  the  strata  been  folded  back 
upon  themselves,  the  upper  parts  of  the  curve  having  been  removed 
by  denndation.  Thus,  if  we  met  with  the  strata  seen  in  the  section 
flg.  80^  we  should  naturally  suppose  that  there  were  tvrelve  distinct 
bads,  or  sets  of  bads,  Nol  1.  being  the 
newest,  and  No.  12.  the  oldest  of  the 
soies.  But  thiS' section  may,  perhaps^ 
exhibit  merely  six  beds,  whieh  have 
been  folded  in  the  manner  seen  in 
fig.  81.,  so  that  each  of  them  is  twice  repeated,  the  poeidon  of  one 
half  being  reversed,  and  jfart  of  No.  1.,  originally  the  uppermost, 
having  now  become  the  lowest  of  the  series.  These  phentMnena  are 
often  observable  on  a  magnificent  scale  in  certain  regions  in  Switier- 
land  in  precipices  from  2000  to  8000  feet  in  perpendicohu-  beigfaL 
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In  the  laelten  Alp,  in  the  valley  of  the  Lutschine,  between  UDterseen 
and  Grindelwald,  curvea  of  calcareous  shale  are  seen  &om  1000  to 
1500  feet  in  height,  in  which  the  beds  BometimeB  plunge  down  ver- 
ticallT^  for  a,  depth  of  1000  feet  and  more,  before  they  bend  round 


Curred  ilnU  ottbt  Iidloi  Alp. 

again.     There  are  many  fiexurea  not  inferior  in  dimenaions  in  the 
Pyrenees,  aa  those  near  Gravamie,  at  the  base  of  Mont  Ferda. 

UnconformabU  ttrafifieatiort.  —  Strata  are  said  to  be  nnconfomi- 
able,  when  one  series  is  ao  placed  over  another,  that  the  planes  of  the 
superior  repose  on  the  edges  of  the  inferior  (see  fig.  83.).    In  this 


Had,  Bcrwickihln.    leeili 


ase  it  is  erident  that  a  period  had  elapsed  between  the  production 
f  the  two  sets  of  strata,  and  that,  during  this  interval,  the  older 
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seriea  had  been  tilted  and  disturbed.  Afterwards  tbe  apper  eerie* 
waa  thrown  down  ia  horizoatal  Btmta  upon  it.  If  these  superior 
beds,  tad,  d,  &g.  83^  are  also  iuclined,  tt  is  plain  that  the  lower 
strata,  a,  a,  have  been  twice  displaced  i  first,  before  the  deposition  of 
the  newer  beds,  d,  d,  and  a  second  time  when  these  same  strata  were 
thrown  out  of  the  horizontal  position. 

Play&ir  has  remarked*  that  this  kind  of  junction  which  we  now 
call  unconformable  had  been  described  before  the  time  of  Huttoo, 
but  that  he  was  the  first  geolc^st  who  appreciated  its  importance,  as 
illustrating  the  high  antiquity  and  great  revolutions  of  the  globe. 
He  had  observed  that  where  such  contacts  occur,  the  lowest  beds  of 
the  newer  series  very  geoenJly  consist  of  a  breccia  or  conglomerate 
consisting  of  angular  and  rounded  fragments,  derived  &om  the  break- 
ing up  of  the  more  ancient  rocks.  On  one  occasion  the  Scotch 
geologist  took  his  two  distinguished  pupils,  Playfair  and  Sir  James 
Hall,  to  the  cliflls  on  the  east  coast  of  Scotland,  near  the  village  of 
Eyemouth,  not  far  from  St  Abb's  Head,  where  the  schists  of  the 
Lammermuir  range  are  undermined  and  dissected  by  the  se^  Here 
the  curved  and  vertical  strata,  now  known  to  be  of  Silurian  age,  and 
which  often  exhibit  a  ripple-marked  surface,  are  well  exposed  at 
the  headland  called  the  Siccar  Point,  penetrating  with  th^  edges 
into  the  incumbent  beds  of  slightly  inclined  sandstone,  in  which  large 
pieces  of  the  schist,  some  round  and  others  angular,  are  united  by  an 
arenaceous  cement  "What  clearer  evidence,"  exclaims  Flayfair, 
"could  we  have  bad  of  the  different  formation  of  these  rocks,  and  of 
the  long  interval  which  separated  their  formation,  had  we  actually 
seen  them  emerging  from  the  bosom  of  the  deep  ?  We  felt  ourselves 
necessarily  carried  back  to  the  time  when  the  schistus  on  which  we 
stood  was  yet  at  the  bottom  of  the  sea,  and  when  the  sandstone  before 
us  WBS  only  beginning  to  be  deposited  in  the  shape  of  sand  or  mud, 
from  the  waters  of  a  superincumbent  ocean.  An  epoch  stiU  more 
remote  presented  itself  when  even  the  most  ancient  of  these  rocks, 
instead  of  standing  upright  in  vertical  beds,  lay  in  horizontal  planes 
at  the  bottom  of  the  sea,  and  was  not  yet  disturbed  by  that  immea- 
surable force  which  has  burst  asunder  the  solid  pavement  of  the 
globe-  Bevolutions  still  more  remote  appeared  in  the  distance  of 
this  extraordinary  perspective.  The  mind  seemed  to  grow  giddy  by 
looking  so  far  into  the  abyss  of  time  ;  and  while  we  listened  with 
earnestness  and  admiration  to  the  philosopher  who  was  now  unfold- 
ing to  as  the  order  and  series  of  these  wonderful  events,  we  became 
sensible  how  much  farther  reason  may  sometimes  go  than  imagina- 
tion can  venture  to  follow."  | 

In  the  frontispiece  of  this  volnme  the  reader  will  see  a  view  of  this 
clasucal  spot,  reduced  from  a  large  picture,  faithfully  drawn  and 
coloured  from  nature  by  the  youngest  son  of  the  late  Sir  James  HalL 
It  was  impossible,  however,  to  do  justice  to  the  original  sketch,  in  an 
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engrsriag,  u  the  contrast  of  the  red  sandstone  and  the  light  fswn- 
colonred  vertical  schists  could  not  be  expressed.  From  the  point  of 
view  hereselected,  the  nnderljing  beds  of  the  perpendicular  schis^  a, 
tn  visible  at  b  through  a  nuaD  opening  in  the  fractured  beds  of  the 
covering  of  red  sandstone,  d  d,  while  on  the  vertical  face  of  the  old 
schist  at  a'  a"  a  conspicuous  ripple-mai^  is  displayed. 

It  often  happens  that  in  &e  interval  between  the  deposititai  of  two 
sets  of  unconformable  strata,  the  inferior  rock  has  not  only  been 
denuded,  hut  drilled  hj  perforating  shells.  Thus,  for  example,  at 
Autreppe  and  Gusigny,  near  Mons,  beds  of  an  ancient  (primary  or 


paleozoic)  limestone,  highly  inclined,  and  often  bent,  are  ccvered  with 
horisontij  strsta  of  greenish  and  whidsh  marls  of  the  Cretaceous 
fmnation.  Ute  lowest  and  therefore  the  oldest  bed  of  the  horizontal 
series  is  usaally  the  sand  and  conglomerate,  a,  in  which  are  rounded 
iragments  of  stone,  from  an  inch  to  two  feet  in  diameter.  These  frag- 
ments have  often  adhering  shells  attached  to  them,  and  have  been 
bored  by  perforating  mollusca.  The  solid  surface  of  the  inferior 
hmestona  has  also  been  bored,  bo  as  to  exhibit  cylindrical  and  pear- 
■h^ied  cavities,  as  at  c,  the  work  of  saxicavous  mollnsca;  and  many 
rents,  as  at  b,  which  descend  several  feet  or  yards  into  the  limestone, 
tuTe  been  filled  with  sand  and  shells,  similar  to  those  in  the  stratum  a. 

Fractures  ofOu  tlrata  and  faults. — Numerous  rents  may  often  be 
Ken  in  rocks  which  appear  to  have  been  simply  broken,  the  sepa- 
rated parts  remaining  in  the  same  places ;  but  we  often  find  a  fissure, 
several  inches  or  yards  wide,  intervening  between  the  disunited  por- 
tions. These  fissure^  are  usually  filled  with  fine  earth  and  sand,  or 
with  angular  fragments  of  stone^  evidently  derived  from  th«  fracture 
of  the  oontignouB  rocks. 

It  is  not  uncommon  to  find  the  mass  of  rock,  on  one  side  of  a 
fistore  thrown  up  above  or  down  below  the  mass  with  which  it  was 
once  in  contact  on  the  other  side.  "  This  mode  of  displacement  is 
c^led  a  shift,  slip,  or  fault  "  The  miner,"  says  Playfair,  describing  a 
fault,  "is  often  perplexed,  in  his  subterraoeons  journey,  by  a  derange- 
ment in  the  strata,  which  changes  at  once  all  those  lines  and  bearings 
which  had  hitherto  directed  his  course.  When  his  mine  reaches  a 
certain  plane^  which  is  sometimes  perpendicular,  as  in  A  B,  fig.  85., 
xanetimes  oblique  to  the  horizon  (as  in  C  D,  ibid.),  he  finds  the  beds 
of  rock  broken  asunder,  those  on  the  one  side  of  the  plane  having 
changed  their  place,  by  sliding  in  a  particular  direcdoa  along  the 
face  of  the  others.  In  this  motion  they  have  sometimes  preserved 
their  parallelism,  as  in  fig.  85.,  so  that  the  strata  on  each  side  of  the 
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fknlts  A  B,  G  D,  continue  parallel  to  one  another ;  in  oUier  casea,  tlis 
strate  on  each  side  are  inclined,  as  in  a,  6,  c,d  (fig.  8&),  thon^ 


their  identity  is  still  to  t>e  recognized  bj  their  poBseasing  the  same 
thicbnesB  and  the  same  internal  characters."* 

In  Coalbrook  Dale,  says  Mr.  Preatwich  f ,  depoeits  of  sandatone^ 
shale,  and  coal,  several  thousand  feet  thick,  and  occop^dng  an  area 
of  many  miles,  have  been  Bhivered  into  fragments,  and  the  broken 
remnants  have  been  placed  In  very  discordant  positions,  oflen  at 
leveb  differing  several  hundred  feet  from  each  other.  The  sides  of 
the  faults,  when  perpendicular,  are  commonly  separated  several  yards, 
bnt  are  lometimes  as  much  as  50  yards  asunder,  the  interval  being 
filled  with  broken  dibrit  of  the  strata.  In  fiillowing  the  course  of 
the  same  fault  it  is  sometimes  found  to  produce  in  different  places 
very  unequal  changes  of  level,  the  amount  of  shift  being  in  one  place 
Z(Xi,  and  in  another  700  feet,  which  arises,  in  tome  cases,  from  the 
anion  of  two  or  more  faults.  In  other  words,  the  di^ointed  strata 
have  in  certain  districts  been  subjected  to  renewed  movements,  which 
they  have  not  suffered  elsewhere. 

We  may  occasionally  see  exact  counterparts  of  these  slips,  on  a 
small  scale,  in  pits  of  loose  sand  and  gravel,  many  of  which  have 
donbtlese  been  caused  by  the  drying  and  shrinking  of  argillaceon* 
and  other  beds,  slight  subeidences  having  taken  place  from  failure 
of  support.  Sometimes,  however,  even  these  small  slips  may  have 
been  produced  daring  earthquakes ;  for  land  has  been  moved,  and  its 
level,  relatively  to  the  eea,  considerably  altered,  within  the  period 
when  much  of  the  allnrial  sand  and  gravel  now  covering  Hie  snrllace 
of  continents  was  deposited. 


,i^,Coo>^[c 


Ck,V.] 


63 


I  have  tHiesdy  sUted  th&t  a  geologiit  most  be  on  bis  guard,  in  t, 
region  of  diitorbed  strata,  against  inferring  repeated  altemationB  of 
rocks,  when,  in  fact,  the  Bane  strata,  once  continaoiu,  have  been 
bent  round  lo  as  to  recur  in  the  same  section,  and  with  the  same  dip. 
A  gimilu  mistake  has  often  been  occasioned  by  a  series  of  faults 

B;  for  example,  the  dark  line  A  H  (fig.  87.)  represent  the  surface 
of  acoDDtrjonwhich  thestiataEific&^uentljcrop  out,  an  obserrer, 


AppAFbU  iltinntlaiu  of  J 


vho  is  proceeding  from  H  to  A,  might  at  first  imagine  that  at  everj 
itep  be  was  approaching  new  strata,  whereas  the  repetition  of  the 
B«ne  beds  has  been  caused  by  vertical  faults,  or  downthrows.  Thus, 
suppose  the  original  mass.  A,  B,  C,  D,  to  have  been  a  set  of  uniformly 
incHned  strata,  and  that  the  different  masses  under  EF,  FGr,  and 
G  D,  tank  down  successively,  so  as  to  leave  vacant  the  spaces  marked 
ia  the  dtagram  by  dotted  lines,  and  to  'occupy  those  marked  by  the 
ontiouDus  lines,  then  let  denudation  take  place  along  the  line  A  H, 
X)  that  the  protruding  masses  indicated  by  the  faint«r  lines  are  swept 
iTiy,— a  miner,  who  has  not  discovered  the  fonlts,  finding  the  mass 
a,  which  we  will  suppose  to  be  a  bed  of  coal  four  times  repeated, 
might  hope  to  find  four  beds,  workable  to  an  indefinite  depth,  but 
first  on  arriving  at  the  fault  G  he  is  stopped  suddenly  in  his  workings, 
Dpon  reactung  the  strata  of  sanctstone  c,  or  on  arriving  at  the  line  of 
ianlc  F  he  comes  partly  upon  the  shale  b,  and  partly  on  the  sandstone 
^and  on  reaching  £  he  is  again  stopped  by  a  wall  composed  of  the 
mkd. 

Hie  very  different  levels  at  which  the  separated  parts  of  the  same 
Anla  are  found  on  the  different  sides  of  the  fissure,  in  some  faults, 
is  truly  astonishing.  One  of  the  most  celebrated  in  England  is  that 
mM  the  "ninety-fathom  dike,"  in  the  coal-field  of  Newcastle.  This 
nime  has  been  given  to  it,  because  the  same  beds  are  ninety  fathoms 
Wer  on  the  nortbem  than  they  are  on  the  southern  side.  The 
fissnie  has  been  filled  by  a  body  of  sand,  which  is  now  in  the  state 
of  sandstone,  and  is  called  the  dike,  whiclk  is  sometimes  very  narrow, 
ktia  other  places  more  than  twenty  yards  wide. '    The  walls  of  the 
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fiBSure  are  scored  hj  groovesi  such  as  would  liave  been  produced  if 
the  broken  ends  of  the  rock  had  been  rubbed  along  the  plane  of  the 
fault.*  .  In  the  Tjnedale  and  Craven  faults,  in  the  north  of  England, 
the  vertical  displacement  is  still  greater,  and  the  fracture  haa  ex- 
tended in  a  horisontal  direction  for  a  distance  of  thirty  miles  or  more. 
Some  geol<^t8  consider  it  neceSBary  to  imagine  that  Hie  upward  or 
downward  movement  in  these  cases  was  accomplished  at  a  single 
stroke,  and  not  by  a  series  of  sudden  but  intermpted  movements. 
This  idea  appears  to  have  been  derived  from  a  notion  that  the  grooved 
walls  have  merely  been  rubbed  in  one  directioD.  But  this  is  so  far 
from  being  a  constant  phenomenon  in  faults,  that  it  haa  often  been 
objected  to  Che  received  theory  respecting  those  polished  surfaces 
called  "  slickensidea "  that  the  stris  are  not  always  parallel,  bat 
o!i&a  curved  and  irregular.  It  has,  moreover,  been  remarked,  that 
not  only  the  walls  of  the  flssuie  or  fault,  but  its  earthy  costeats, 
sometimes  present  the  same  polished  and  striated  faces.  Now 
these  facts  seem  to  indicate  partial  changes  in  the  direction  of  the 
movement,  and  some  slidings  subsequent  to  the  first  filling  up  of 
the  fissure.  Suppose  the  mass  of  rock  A,  B,  C,  to  overlie  an  ex- 
tensive chasm  d  e,  formed  a1  the  depth  of  several  miles,  whether  by 
nt-as. 


the  gradual  contraction  in  bulk  of  a  melted  mass  passing  into  a  solid 
or  crystalline  state,  or  the  shrinking  of  argillaceous  strata,  baked  by  a 
moderate  heat,  or  by  the  subtraction  of  matter  by  volcanic  action,  or 
any  other  canse.  Now,  if  this  region  be  convulsed  by  earthquakes, 
the  fissures/^,  and  others  at  right  angles  to  them,  may  sever  the 
mass  B  from  A  and  from  C,  so  that  it  may  move  freely,  and  be^ 
to  sink  into  the  chasm.  A  fracture  may  be  conceived  so  clean  and 
perfect  as  to  allow  it  to  subside  at  once  to  the  bottom  of  the  subter- 
ranean cavity ;  but  it  is  far  more  probable  that  the  sinking  vrill  be 
effected  at  soccesaive  periods  during  different  earthquakes,  the  mass 
always  continuing  to  slide  in  the  same  direction  along  the  planes  of 
the  fissures /;,  and  the  edges  of  the  falL'ng  moss  being  continually' 
more  broken  and  biturated  at  each  convulsion.  If,  ss  is  not  im- 
probable, the  circumstances  which  have  caused  the  failure  of  aupp(»t 
continoe  in  operation,  it  mayh^pen  that  when  the  mass  B  has  filled 
the  cavity  first  formed,  its  foundations  will  again  give  way  under  it, 
so  that  it  will  fall  again  in  the  same  direction.  But,  if  the  direction 
should  change,  the  fact  could  not  be  discovered  by  observing  the 
slickensides,  because  the  last  scoring  would  efi'ace  the  lines  of  pre- 
vious friction.  In  the  present  state  of  our  ignorance  of  the  causes 
of  Bubsideoce,  an  hypothesis  which  can  explain  the  great  amount  of 
disphwement  in  some  faults,  on  sound  mechanical  principles,  by  a 
•  Hiillips,  GN>log7,  Lardoei*!  Cyclop,  p.  41, 
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BDccesBion  of  moTemeDts,  is  far  preferabte  to  Kty  theory  which  aa> 
somes  each  ikult  to  have  been  accompliahed  by  a  Bingle  npcaat  or 
downthrow  of  serend  thousand  feeL  For  we  know  that  there  ue 
operationa  now  in  pn^p:e»s,  at  great  depths  in  the  interior  of  the 
euth,  hj  which  both  large  and  soiaU  tracts  of  ground  are  made  to 
rise  above  and  sink  below  tiieir  former  level,  some  slowly  and  in- 
sensibly, others  soddenly  and  by  starts,  a  few  feet  or  yards  at  a  time; 
whereas  there  are  no  gronnds  for  believing  that,  during  the  last  3000 
years  at  least,  any  regions  have  been  either  upheaved  or  depressed, 
At  a  single  stroke,  to  the  amount  of  several  hundred,  much  less  several 
thousand  feet.  When  some  of  the  ancient  marine  fonnationB  are 
described  in  the  sequel,  it  will  appear  that  their  structure  and  organic 
contents  point  to  the  coadnsion,  that  the  &om  of  the  ocean  was  slowly 
nnking  at  the  time  of  their  origin.  The  downward  movement  was 
very  gradual,  and  in  Wales  and  the  contiguous  parts  of  England  a 
maximum  thit^fc-nww  of  32,000  ieet  (more  thaD  six  miles)  of  Carbon- 
ifbrous,  Deronian,  and  Silurian  rock  was  formed,  whilst  the  bed  of  the 
aea  was  all  the  time  continuously  and  ttaoquilly  subsiding.*  What- 
ever  may  have  been  the  changes  which  the  solid  foundation  underwent, 
wbetlker  accompanied  by  the  melting,  consolidation,  crystalltKation, 
or  desiccation  of  subjacent  mineral  matter,  it  is  clear  from  tbe  fact 
of  the  sea  having  remained  shallow  all  the  while  that  the  bottom 
never  sank  down  suddenly  to  the  depth  of  many  hundred  feet  at 
once. 

It  is  by  BSBuming  such  reiterated  rariationi  of  level,  each  separately 
of  small  vertical  amount,  but  multiplied  by  time  till  they  acquire  im- 
portamce  in  the  aggregate,  that  we  are  able  to  explain  the  phenomena 
of  denudation,  which  will  be  treated  of  in  the  next  chapter.  By  such 
movements,  every  portion  of  tbe  surface  of  the  land  becomes  in  its 
tarn  a  line  of  coast,  and  is  exposed  to  the  action  of  the  waves  and 
tides.  A  country  which  is  undergoing  such  movement  is  never 
allowed  to  settle  into  a  state  of  equilibrium,  therefore  the  force  of 
rivers  and  torrents  to  remove  or  excavate  soil  and  rocky  masses  it 
sust^ed  in  ondiQunished  enei^. 
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CHAPTER  VL 

DEi<UIM.TIOEr. 


Denadation  defined — lu  ainoinit  eqnil  to  the  cDtire  mt«  of  Btntifled  depoaita  ia 
tbe  earth's  emit — HoruoDtalaaiidMoiiB  denuded  in  Boo-durB — Letelled  surface 
of  eooDDiet  in  wUcli  great  fwaitt  occur — Coalbrook  Dale— Denading  power  of 
tbe  oeean  during  the  emergence  of  land — Origin  of  Talleji — Obliteration  of  sea- 
Clifi — Inland  lea-diA  and  tenaoes  in^  Morea  and  Sidlj — Tiimtwtnnr  pillars 
at  St.  Htbial,  in  France— ia  Canada— in  (be  Bennndai. 

DKNUDA.TI01I,  which  hoe  been  occsaioQally  spoken  of  in  the  preceding 
cbaptera,  is  the  retnoral  of  solid  matter  bj  water  in  motion,  whether  of 
rivera  or  of  the  wavea  and  ctirrents  of  the  sea,  aad  the  consequent  lay- 
ing bare  of  some  iaferior  rock.  Gteologists  have  perhaps  been  seldtxn 
in  the  habit  ofreflectiag  that  this  operatioir  has  exerted  an  influence 
<m  the  Btmcture  of  the  caret's  crnst  as  universal  and  important  as 
sedimentaiy  deposition  itself;  for  denudation  is  the  inseparable  aty 
companiment  of  the  production  of  all  new  strMa  of  mechanical  origin. 
The  formation  of  every  new  deposit  by  the  transport  of  sediment  and 
pebbles  necessarily  implies  that  there  has  been,  somewhere  else,  a 
grinding  down  of  rock  into  rounded  fn^ments,  sand,  or  mud,  equal  in 
quantity  to  the  new  strata.  All  deposition,  therefore,  except  in  the  case 
of  a  shower  of  volcanic  ashes,  is  tbe  sign  of  superficial  waste  going  on 
contemporaneously,  and  to  an  equal  amount  elsewhere.  Tbe  gain  at 
one  point  is  no  more  than  sufficient  to  balance  the  loss  at  some  other. 
Sen  a  lake  has  grown  shallower,  there  a  ravine  has  been  deepened. 
The  bed  of  the  sea  has  in  one  region  been  raised  by  the  accumulation 
of  new  matter,  in  another  its  depth  has  been  augmented  by  the 
abstraction  of  an  equal  quantity. 

When  we  see  a  stone  building,  we  know  that  somewhere,  far  or 
near,  a  quarry  has  been  opened.  The  courses  of  stone  in  the  building 
may  be  compared  to  saccessire  strata,  tbe  quarry  to  a  ravine  or  valley 
which  h&s  suffered  denudation.  As  the  strata,  like  the  conrses  of 
hewn  stone,  have  been  laid  one  upon  another  gradually,  bo  the  ex- 
cavation both  of  the  valley  and  quarry  have  been  graduj.  To  pursue 
tbe  comparison  still  farther,  the  superficial  heaps  of  mud,  sand,  and 
gravel,  usually  called  alluvium,  may  be  likened  to  the  rubbish  of  a 
quarry  which  has  been  r^ected  as  useless  by  the  workmen,  or  has 
fallen  upon  the  road  between  the  quarry  and  the  bnilding,  so  as  to 
lie  scattered  at  random  over  the  ground. 

If,  then,  tbe  entire  mass  of  stratified  deposits  in  the  earth's  crust 
is  at  once  the  monument  and  measure  of  tbe  denudation  which  has 
taken  place,  on  how  stupendous  a  scale  ought  we  to  find  tbe  signs  of 
this  removal  of  transported  materials  in  past  aj^esl  Accordingly, 
there  are  diflennt  claases  o£  phenomena,  which  attest  in  a  most 


,i^,Coo>^[e 


Cb.  ti.]        denudation  op  stsatified  bocks.  67 

striking  manoer  the  Tsst  spaces  left  Tacant  by  tbe  erosire  power  of 
water.  I  may  allude,  firet,  to  those  valleys  on  both  sides  of  which 
the  same  strata  are  seen  following  each  other  in  the  same  order,  and 
having  the  same  mineral  composition  and  fossil  contents.  We  may 
observe  for  example  Beveral  formations,  as  Nos.  1,  2,  3,  4,  in  the 
"■''^-  ^  accompanying  diagram  (fig.  89.);  Mo.  I. 

"^  conglomerate.  No.  2,  clay.  No.  3.  grit,  and 
j  No.  4.  limestone,  each  repeated  in  a  series 
J  of  hills  separated  by  valleys  varying  in 
:;:r=^^  depth.     When  we  examine  the  subordi- 
'~        nate  parts  of  these  four  formatioDs,  we 


find,  in  like  manner,  distinct  beds  in  each, 
corresponding,  on  the  opposite  ddee  of  the  valleys,  both  in  compo- 
sition and  order  of  position.  No  one  can  doubt  that  the  strata  were 
originally  continuons,  and  that  some  cause  has  swept  away  the  por- 
tions which  once  connected  the  whole  series.  A  torrent  on  the  side 
of  a  monatain  produces  similar  interruptions;  and  when  we  make 
artificial  cots  in  lowering  roads,  we  expose,  in  Hke  manner,  cone 
spondlng  beds  on  either  side.  But  in  nature,  these  appearances  occur 
in  mountains  several  thoasand  feet  high,  and  separated  by  intervals 
of  many  miles  or  leagues  in  extent,  of  which  a  grand  exempUflcation 
is  described  by  Dr.  Maccnlloch,  on  the  north-western  coast  of  Boss- 
shire  in  Scotland.* 

SiOlVdub  CooltKt. 


The  fundamental  rock  of  that  country  is  gneiss,  in  disturbed  strata, 
on  which  beds  of  nearly  horizontal  red  sandstone  rest  un  conformably. 
The  latter  are  often  very  thin,  forming  mere  flags,  with  their  surfaces, 
distinctly  ripple-marked.  They  end  abruptly  on  the  declivities  of 
many  insulated  mountuns,  which  rise  up  at  once  to  the  height  of 
about  2000  feet  above  the  gneiss  of  the  surrounding  plain  or  table 
land,  and  to  an  average  elevation  of  about  3000  feet  above  the  sea, 
wliich  all  their  summits  generally  attain.  The  base  of  gneiss  varies 
in  height,  so  that  the  lower  portions  of  the  sandstone  occupy  diflerent 
levels,  and  the  thickness  of  the  mass  is  various,  sometimes  exceeding 
30O0  feet.  It  is  impoeaible  to  compare  these  scattered  and  detached 
portions  without  imagining  that  the  whole  country  has  once  been 
covered  with  a  great  body  of  sandstone,  and  that  masses  from  1000 
to  more  than  3(X)0  feet  in  thickness  have  been  removed. 

Ill  the  ",  Survey  of  Great  Britain "  (vol.  i.).  Professor  Eamaay 
has  shown  that  the  mtasing  beds,  removed  from  the  summit  of  the 
Uendips,  must  have  been  nearly  a  mile  In  thickness;  and  he  has 
painted  out  considerable  areas  in  South  Wales  and  some  of  the  ad- 

*  Wetteni  Idandi,  vol  IL  p.  S&  pL  31. 6g.  i. 

>  s 

i,i,,,,,-..i^,Coo<^lc 


68  DByDDATIOH  [Ck,  Y1. 

jacent  counties  of  Ekiglaad,  wbere  a  series  of  primsiy  (or  paUeouiic) 
strata,  not  less  than  11,000  feet  in  thickness,  have  been  stripped  oft 
All  these  materials  have  of  course  been  trftnsported  to  new  r^ons, 
and  hsTe  entered  into  the  composition  of  more  modem  formationB.  On 
the  other  hand,  it  is  shown  bj  observations  in  the  same  "  Survey,"  that 
the  paliBOzoic  strata  are  from  20,000  to  80,000  feet  thick.  It  is  clear 
that  such  rocks,  formed  of  mod  and  sand,  now  for  the  most  part 
consolidated,  &r«  the  monnmente  of  denuding  operations,  which  toc^ 
place  on  a  grand  scale  at  a  very  remote  period  in  the  earth's  bistray. 
For,  whatever  has  been  given  (o  one  area  must  always  have  been 
borrowed  fnxn  another ;  a  truth  which,  obvious  as  it  maj  seem  when 
thoB  stated,  must  be  repeatedly  impresaed  on  the  stndenl^s  mind, 
becanse  in  many  geological  speculations  tt  is  taken  for  granted  that 
the  external  crnst  of  the  earth  has  been  always  growing  thicker  in 
consequence  of  the  accamulation,  period  after  period,  of  sedimentary 
mattwr,  as  if  the  new  strata  were  not  always  prodoced  at  the  expeoae 
of  pre-existing  rocks,  stratified  or  nnstratified.  By  duly  reflecting 
on  the  fact,  that  all  depouts  of  mechanical  origin  imply  the  trans- 
portation from  some  other  re^on,  whether  contignous  or  remote  of 
an  equal  amount  of  solid  matter,  we  perceive  that  the  stwiy  exterior 
of  the  planet  most  always  have  grown  thinner  in  one  place,  whenever, 
by  accessions  of  new  strata,  it  was  acquiring  density  in  another.  No 
doubt  the  vacant  space  left  by  the  missing  rocks,  after  extensive 
denudation,  is  less  imposing  to  the  imagination  than  a  vast  thickness 
of  conglomerate  or  sandstone,  or  the  bodily  presence  as  it  were  of  a 
mouataio-chun,  with  all  its  inclined  and  curved  strata.  But  the 
denuded  tracts  speak  a  clear  and  emphatic  lango^e  to  our  reason, 
and,  like  repeated  layers  of  fossil  nutnmulites,  corals  or  shells,  or 
like  nnmerous  seams  of  coal,  each  based  on  its  nnder-elay  full  of  the 
roots  of  trees.  Still  remaining  in  their  natural  position,  demand  an 
indefinite  lapse  of  time  for  their  elaboration. 

No  one  will  maintain  that  the  fossils  entombed  in  these  rocks  did 
not  belong  to  many  succesuve  generations  of  plants  and  animals. 
In  like  manner,  each  sedimentary  deposit  attests  a  slow  and  gradual 
action,  and  the  strata  not  only  serve  as  a  measure  of  the  amount 
of  denudation  simultaneously  effected  elsewhere,  but  are  also  a  cor- 
rect indicaticm  of  the  rata  at  which  the  denuding  operatjon  vras 
carried  on. 

Perhaps  the  most  convincing  evidence  of  denudation  on  a  mi^- 
nifieent  scale  is  derived  ^om  the  levelled  surfaces  of  districts  where 
large  faults  occur.  I  have  shown,  in  fig.  87.  p.  63.,  and  in  fig.  91., 
how  angular  and  protruding  masses  of  rock  might  naturally  have 
been  looked  for  on  the  surface  immediately  above  great  faults>  al- 
though in  fact  they  rarely  exist  This  phenomenon  may  be  well 
studied  in  those  districts  where  coal  has  been  extensively  worked,  for 
there  the  former  relation  of  the  beds  which  have  shifted  their  position 
may  be  det«rmined  with  great  accuracy.  Thus  in  the  coal  field  of 
Ashby  de  la  Zouch,  in  Leicestershire  (see  fig.  91.X  a  fault  occurs,  on 
one  side  of  which  the  coal  beds  abed  rise  to  the  height  of  500  feet 
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tbore  the  coFreBponding  beds  on  the  other  aide.  But  the  aplifled 
nnu>  do  not  stand  ap  500  feet  above  the  gener&l  surface ;  on  the 
coDtnujithe  oatline  of  the  coontiy,  u  expressed  hj  the  line  zz,a 
nniformlj  nnduIatiDg  TrithoDt  any  break,  and  the  mass  indicated  by 
the  dotted  ontline  muet  have  been  washed  away.*  There  are  proofs 
of  this  kind  in  some  level  countries,  wliere  dense  masses  of  strata 
hare  been  ckftred  away  firom  areas  several  hundred  square  miles  in 
extent 

In  the  Newcastle  coal  district  it  is  ascertained  that  faults  occur  in 
vhich  the  npward  or  downward  movement  could  not  have  been  less 
than  140  fathoms,  which,  had  they  affected  the  ccnflgnralion  of  the 
surface  to  an  equal  amount,  would  produce  mounttuns  with  pre- 
dpitouB  escarpments  nearly  -lOOO  feet  high,  or  chasms  of  the  like 
depth ;  yet  is  the  actual  level  of  the  country  abaolptely  uniform, 
affording  no  trace  whatever  of  subterranean  movementa.f 

The  ground  from  which  these  materials  have  been  removed  is 
uoally  overspread  with  heaps  of  sand  and  gravel,  formed  out  of  the 
rnios  of  the  veiy  rocks  which  have  disappeared.  Thus,  in  the  dis- 
tricts above  referred  to,  they  consist  of  rounded  and  angular  frag- 
ments of  bard  sandstone,  limestone,  and  ironstone,  with  a  small 
quantity  of  the  more  destructible  shale,  and  even  rounded  pieces  of 
coal 

Allusion  has  been  already  made  to  the  shattered  state  and  dis- 
cordant position  of  the  carboniferous  strata  in  Coalbrook'  Dale 
(p.  62.).  The  collier  cannot  proceed  three  or  four  yards  without 
meeting  with  small  slips,  and  from  time  to  time  he  encounters  faults 
of  considerable  msgnitnde,  which  have  thrown  the  rocics  up  or 
down  several  hundred  feet  Yet  the  superficial  inequalities  to  which 
these  dislocated  masses  originally  gave  rise  are  no  longer  discernible, 
and  the  comparative  flatness  of  the  existing  surface  can  only  be 
eipluned,  as  Mr.  Prestwich  has  observed,  by  supposing  the  frac- 
tnrcd  portions  to  have  been  removed  by  water.  It  is  also  clear  that 
itnta  of  red  sandstone,  more  than  lOOO  feet  thick,  which  once 
covered  the  coal,  in  the  same  region,  have  been  carried  away  fh>m 
hige  areas.  That  water  has,  in  this  case,  been  the  dennding  agent, 
ire  may  infer  from  the  fact  that  the  rocks  bare  yielded  according  to 
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their  different  d^reea  of  hardness ;  the  hard  trap  of  the  Wrekin,  for 
exunple,  and  other  hills,  having  resisted  more  than  the  softer  shale 
and  sandstone,  so  as  now  to  stand  oat  in  bold  relief.* 

Origin  o/valUyt, — Many  of  the  earlier  geologists,  and  Dr.  Hntton 
among  them,  taught  that  "  rivers  have  in  general  hollowed  out  their 
valleys."  This  is  no  doubt  true  of  rivulets  and  torrents  which  are 
the  feeders  of  the  larger  streams,  and  which,  descending  over  rapid 
slopes,  ore  most  subject  to  temporary  increase  and  dimination  in  the 
volume  of  their  waters.  It  must  also  be  admitted  that  the  qnantity 
of  mud,  sand,  and  pebbles  constituting  many  a  modem  delta  is  bo 
coDsiderable  as  to  prove  that  a  very  large  part  of  the  inequalities  now 
existing  on  the  earth's  surface  are  due  to  fluviatile  action  ;  but 
the  principal  valleys  in  almost  every  great  hydrographical  basin  in 
the  world,  are  of  a  shape  and  magnitude  which  imply  that  they 
have  been  due  to  other  causes  besides  the  mere  czcavatitig  power  of 

Some  geologists  have  imagined  that  a  deluge^  or  succession  of 
deluges,  may  have  been  the  chief  denuding  agency,  and  they  have 
speculated  on  a  series  of  enormous  waves  raised  by  the  instantaneous 
npthrow  of  continents  or  mountain  chains  out  of  the  sea.  But  even 
were  we  disposed  to  grant  such  sudden  upheavab  of  the  floor  of  the 
ocean,  and  to  assume  that  great  waves  would  be  the  consequence  of 
each  convulsion,  it  is  not  easy  to  explain  the  observed  phenomena  bj 
the  aid  of  so  gratuitous  an  hypothesis. 

On  the  other  band,  a  machinery  of  ft  totally  difierent  kind  seems 
capable  of  giving  rise  to  effects  of  the  requir«d  magnitude.  It  has 
now  been  ascertained  that  the  rising  and  sinking  of  extensive  por- 
tions of  the  earth's  crust,  whether  insensibly  or  by  a  repetition  of 
sudden  shocks,  is  part  of  the  actual  course  of  nature,  and  we  may 
easily  comprehend  how  the  land  may  have  been  exposed  during  these 
movements  to  abrasion  by  the  waves  of  the  sea.  In  the  same 
manner  as  a  mountain  mass  may,  in  the  course  of  ages^  be  formed 
by  sedimentary  deposition,  layer  af^er  layer,  so  masses  equally 
voluminous  may  in  time  waste  away  by  inches  ;  as,  for  example,  if 
beds  of  incoherent  materials  are  raised  slowly  in  an  open  sea  where 
a  strong  current  prevails.  It  is  well  known  that  some  of  these 
oceanic  currents  have  a  breadth  of  200  miles,  and  that  they  some- 
timea  run  for  a  thousand  miles  or  more  in  one  direction,  retaining  a 
considerable  velocity  even  at  the  depth  of  several  hundred  feet 
Under  these  inrcumstaaces,  the  flowing  waters  may  have  power  to 
clear  away  each  stratum  of  incoherent  materiab  as  it  rises  and 
approaches  the  surface,  where  the  waves  exert  the  greatest  force ; 
and  in  this  manner  a  voluminons  deposit  may  be  entirely  swept 
away,  so  that,  in  the  absence  of  faults,  no  evidence  may  remain  of 
the  denuding  operation.  It  may  indeed  be  affirmed  that  the  signs  of 
waste  will  usually  be  least  obvious  where  the  destruction  has  been 
most  complete ;  for  the  annihilation  may  have  proceeded  so  far,  that 
no  ruins  are  left  of  the  dilftpidated  rocks. 

■  Frestwidi,  Q«oL  Tnni.  neonil  leties,  v<d.  v.  pp.  46S.  47S. 
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Although  denadation  has  had  a  lereOing  influence  on  some 
countriea  of  shattered  and  disturbed  strata  (see  Sg.  87.  p.  63.  and 
fig.  91.  p.  690>  i^  ^"B  more  commonly  been  the  caase  of  superficial 
inequalities,  especiallT'  in  regions  of  horizontal  stratiflcation.  The 
general  outline  of  these  regions  is  that  of  flat  and  level  platforms, 
interrupted  hj  yaHeys  often  of  considermble  depth,  and  ramifying 
in  varioos  directions.  These  hollows  maj  once  have  formed  bajs 
and  channels  betwe^i  islands,  and  the  steepest  slope  on  the  sides  of 
each  valle;  inaj  have  been  a  eea-<Jiff,  irhich  was  nndermined  for 
ages,  88  the  land  emerged  gradnall;  from  the  deep.  We  may 
snppoee  the  position  and  coarse  of  each  valley  to  have  been  originally 
determined  by  differences  in  the  hardness  of  the  rocks,  and  by  rents 
and  joints  which  nsnally  occnr  even  in  horiaontal  strata.  In  moun- 
tain chains,  sach  as  the  Jura  before  described  (see  flg.  71.  p.  S5.), 
we  perceive  at  once  that  the  principal  valleys  have  not  beeii  due  to 
aqueous  excavation,  but  to  those  mechanical  movements  which  have 
bent  the  rocks  into  their  present  form.  Yet  even  in  the  Jura  there 
are  many  valleys,  such  as  C  (fig.  71.),  which  have  been  hollowed  out 
by  water ;  and  it  may  be  stated  &at  in  every  part  of  the  globe  the 
unevenness  of  the  surface  of  the  land  has  been  due  to  the  combined 
influence  of  subterranean  movements  and  denudation. 

I  may  now  recapitulate  a  few  of  the  conclusions  to  which  we  have 
arrived:  first,  all  the  mechanical  strata  have  been  accumulated 
gradually,  and  the  concomitant  denadation  has  been  no  less  gradual : 
secondly,  the  dry  land  consists  in  great  part  of  strata  formed  origin- 
aily  at  the  bottom  of  the  sea,  and  has  been  made  to  emerge  and 
attain  its  present  height  by  a  force  acting  from  beneath ;  thirdly,  no 
combination  of  causes  has  yet  been  conceived  bo  capable  of  producing 
extensive  and  gradual  denudation,  as  the  action  of  the  waves  and 
currents  of  the  ocean  upon  land  slowly  rising  out  of  the  deep- 
Now,  if  we  adopt  these  conclusions,  we  shall  naturally  be  led  to 
look  everywhere  for  marks  of  the  former  residence  of  the  sea  upon 
the  land,  especially  near  the  coasts  from  which  the  last  retreat  of  the 
waters  took  plac^  and  it  will  be  found  that  such  signs  are  not 
wanting. 

I  shall  have  occa^on  to  speak  of  aodent  seanilifis,  now  far  inland, 
in  the  south-east  of  England,  when  treating  in  Chapter  XIX.  of  the 
denudation  of  the  chalk  in  Surrey,  Kent,  and  Sussex.  Ijnes  of 
uprtused  sea-beaches  of  more  modem  date  are  traced,  at  various 
levels  from  20  to  100  feet  aud  upwards  above  the  present  sea-level, 
for  great  distances  on  the  east  and  nest  coasts  of  Scotland,  as  well  as 
in  I^vonshir^  and  other  counties  in  England.  These  andeot  beach- 
lines  often  form  terraces  of  sand  and  gravel,  including  littoral  ahellB, 
some  broken,  others  entire,  and  corresponding  with  species  now 
living  on  the  adjoining  coast.  But  it  would  be  tinreasouable  to 
expect  to  meet  everywhere  with  the  signs  of  ancient  shores,  since  no 
geologist  can  have  fuled  to  observe  how  soon  all  recent  marks  of  the 
kind  above  alluded  to  are  obscured  or  entirely  eSaced,  wherever,  in 
consequence  of  the  altered  state  of  the  tides  and  currents,  the  sea  has 
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receded  for  a  fev  centuries.  We  see  the  clifEa  cniiiible  down  in  ft 
few  jears  if  compoeed  of  land  or  da^,  and  soon  reduced  to  a  grade 
slope.  If  there  were  shells  on  the  beach,  they  decompose,  and  tbur 
materials  an  washed  away,  afUr  which  the  sand  and  shingle  may 
resemble  any  other  allnyiums  scattered  over  the  interior. 

The  teatnres  of  an  ancirat  shore  may  sometimes  be  concealed  by 
the  growA  of  trees  and  shrabs,  or  by  a  covering  of  blown  und,  a 
good  example  of  which  occurs  a  few  miles  west  from  Dax,  near 
Bonrdeaax,  in  the  sooth  of  France,  ^bont  twelve  miles  inlsad,  a 
steep  bank  may  be  traced  nmning  in  a  direction  nearly  north-east 
and  south-west,  or  parallel  to  the  contignons  coast  This  sudden 
fall  of  abont  50  feet  conducts  us  from  the  higher  platform  of  the 
Landes  to  a  lower  plain  which  Bxlends  to  the  sea.     The  outline  of 
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the  gronnd  suggested  to  me,  as  it  would  do  to  every  geolc^is^  the 
opinion  that  the  bank  in  qnestion  was  once  a  sea-cliff,  when  the 
whole  country  stood  at  a  lower  level.  But  this  is  no  longer  matter 
of  conjecture,  for,  in  making  excavations  in  1830  for  the  foundation 
of  a  building  at  Abesse,  a  quantity  of  loose  sand,  which  formed  the 
slope  de,  was  removed;,  and  a  perpendicalar  cliff,  abont  60  feet  in 
height,  which  had  hitherto  been  protected  from  the  agency  of  the 
elements,  was  exposed.  At  the  bottom  appeared  the  limestone  b, 
contuning  tertiary  shells  and  corals,  immediately  below  it  the  clay  c, 
and  above  it  the  osaal  tertiary  sand  a,  of  the  department  of  the 
Landes.  At  the  base  of  the  precipice  were  seen  large  partially 
rounded  masses  of  rock,  evidently  detached  from  the  stratum  b. 
The  face  of  the  limestone  was  hollowed  out  and  weathered  into  such 
forms  as  are  seen  in  the  calcareous  cli%  of  the  a^oining  coast, 
especially  at  Biariti,  near  Bayonne.  It  is  evident  that,  when  this 
country  stood  at  a  somewhat  lower  level,  the  sea  advanced  along  the 
surface  of  the  argillaceous  stratum  e,  which,  from  its  yielding  nature, 
i^TOured  the  waste  by  allowing  the  more  solid  superincumbent  atone 
6  to  be  readily  nndermined.  Afterwards,  when  the  country  had 
been  elevated,  part  of  the  sand,  a,  fell  down,  or  was  drifted  by  the 
winds,  so  as  to  form  the  talus^  d  e,  which  masked  the  inland  cliff  until 
it  was  artificially  laid  open  to  view. 

When  we  are  considering  the  various  causes  which,  in  the  course 
of  ages,  may  efface  the  characters  of  an  ancient  sea-coast,  earth- 
quakes must  not  be  forgotten.  During  violent  shocks,  steep  and 
overhanging  clifls  are  of^  thrown  down  and  become  a  heap  of 
ruins.      Sometimes  unequal  movements  of  upheaval  or  depreauon 
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entirely  destroy  that  horicoatality  of  the  base-liae  which  constttate* 
the  chief  pecnliurity  of  an  uicieat  BCft^lifF. 

It  is,  however,  in  countries  where  hard  limestonfl  rocks  abonnd, 
that  inland  clifib  retain  faithfully  the  characters  which  they  acquired 
when  they  constituted  the  boundary  of  land  and  sea.  Thus,  in  the 
Morea,  no  leas  than  three,  or  even  four,  ranges  of  what  were  once 
sea-clifis  are  well  preserved,  lliese  have  been  deecribed,  by  MU. 
Boblaye  and  Virlet,  as  rising  one  above  the  other  at  different  dis- 
tances  from  the  actual  shora,  the  saminit  of  the  highest  and  oldest 
occasicNiaUy  exceeding  1000  feet  in  elevation.  At  the  base  of  each 
l^ere  ia  nsually  a  t«rrac^  which  is  in  some  places  a  few  yards,  in 
others  above  800  yards  wide,  so  that  we  are  conducted  from  the  high 
land  of  the  interior  to  the  sea  by  a  sacoeasion  of  great  atepa.  These 
inland  cliffs  are  most  perfect  snd  most  exactly  resemble  tboee  now 
waahed  by  the  wares  of  the  Mediterranean,  where  they  are  formed 
of  calcareous  rock,  especially  if  the  rock  be  a  hard  crystalline  marbl& 
The  following  are  the  points  of  correspondence  observed  between  the 
ancient  coast  lines  and  the  borders  of  the  present  sea: — 1.  A  range 
of  vertical  precipices,  with  a  terrace  at  their  base.  2.  A  weathered 
state  of  the  surface  of  the  naked  rock,  such  as  the  spray  of  the  sea 
produces.  8.  A  line  of  littoral  caverns  at  the  foot  of  the  cliffs.  4.  A 
ccmsolidated  beach  at  breccia  with  occasional  marine  sheik,  found  at 
the  base  of  the  cliffs,  or  in  the  caves.     6.  Lithodomons  perforationa. 

In  regard  to  the  first  of  these,  it  would  be  superfluous  to  dwell  oq 
the  evidence  afforded  of  the  undermining  power  of  waves  andcorrents 
by  perpendicular  precipices.  The  littoral  cavee,  also,  will  be  familiar 
to  those  who  have  had  opportnuitiee  of  observing  the  manner  in 
which  the  waves  of  the  sea,  when  they  beat  against  rocks,  have 
power  to  scoop  ont  caverns.  As  to  the  breccia,  it  is  composed  of 
pieces  of  Umestone  and  reeled  fragments  of  thick  solid  shell,  each  as 
StrotnbuM  and  Spondyhu,  all  bound  together  by  a  crystalline  cal* 
careous  cement.  Similar  aggregations  are  now  forming  on  the 
modern  beaches  of  Greece,  and  in  caverns  on  the  sea-side ;  and  they 
are  only  distingnishable  in  cbaracter  from  those  of  more  ancient 
date,  by  including  many  pieces  of  pottery.  In  regard  to  the  lUha- 
domi  above  alluded  to,  these  bivalve  mollnsks  are  well  known  to 
have  the  power  of  excavating  holes  in  the  hardest  limestones^  the 
nze  of  the  cavity  keeping  pace  with  tbe  growth  of  the  shelL  When 
living  they  require  to  be  always  covered  by  salt  water,  but  similar 
pear-shaped  hollows,  containing  the  dead  abells  of  these  creatures, 
are  found  at  difibrent  heights  on  the  face  of  the  inland  diffs  above 
mentioned.  Thus,  for  example,  they  hare  been  observed  near  Modon 
and  Navarino  on  clif^  in  the  interior  12S  feet  high  above  the  Medi- 
terranean. As  to  the  weathered  surface  of  the  calcareous  rocks,  all 
limeetonesareknown  to  suffer  chemical  decomposition  when  moistened 
by  the  spray  of  the  salt  nater,  and  are  corroded  Htill  more  deeply  at 
pmnta  lower  down  where  they  are  just  reached  fay  the  breakers.  By 
this  action  the  stone  acquires  a  wrinkled  and  furrowed  outline,  and 
very  near  tbe  tea  it  becomes  rongh  and  branching,  as  if  covered  with 
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corals.  Such  effects  are  traced  not  only  on  the  present  shore,  bot  at 
the  base  of  the  ancient  cliffs  far  in  the  interior.  lAstlj,  it>reniuas 
only  to  speak  of  the  terrecea,  which  extend  with  a  gentle  slope  from 
the  base  of  ahnost  all  the  inland  cliffs,  and  are  for  the  most  part 
narrow  where  the  rock  is  hard,  bnt  Bometimes  half  a  mile  or  more  in 
breadth  where  it  is  soft  They  are  the  effects  of  the  eDcroacluneiit 
of  the  ancient  sea  upon  the  shore  at  those  lerels  at  which  the  land 
remained  for  a  long  time  stationary.  The  justness  of  this  view  is 
apparent  on  examining  the  shape  of  the  modem  shore  wbererer  the 
sea  is  advanciDg  upon  the  land,  and  remoring  annually  small 
portions  of  undermined  rock.  By  this  agency  a  submarine  platform 
is  produced  on  which  we  may  walk  for  some  distance  fi-CHn  the  beach 
in  shallow  water,  the  increase  of  depth  being  very  gradual,  until  we 
reach  a  point  where  the  bottom  plnnges  down  suddenly.  This  plat- 
form is  widened  with  more  or  less  rapidity  according  to  the  hardness 
of  the  rocks,  and  when  npraised  it  constitutes  an  ioland  terrace. 

Bat  the  four  principal  lines  of  cliff  observed  in  the  Morea  do  not 
imply,  Bs  some  have  imagined,  four  great  eras  of  sudden  upheaval ; 
they  simply  indicate  the  intermittence  of  the  upheaving  force.  Had 
the  rise  of  the  land  been  continuous  and  nn interrupted,  there  would 
have  been  no  one  prominent  line  of  cliff;  for  every  portion  of  the 
surface  having  been,  in  its  turn,  and  for  an  equal  period  of  time,  a 
sea-shore,  would  have  presented  a  nearly  similar  aspecL  But  if 
pauses  occur  in  the  process  of  upheaval,  the  waves  and  currents  have 
time  to  sap,  throw  down,  and  clear  away  considerable  masses  of  rock, 
and  to  shape  out  at  several  successive  levels  lofty  ranges  of  clifis 
with  broad  terraces  at  their  base. 

There  are  some  levelled  spaces,  however,  both  ancient  and  modem, 
in  the  Morea,  which  are  not  due  to  denudation,  although  resembling 
in  outline  the  terraces  above  described,  lliey  may  be  called  Terraces 
of  Depositicm,  since  they  have  resulted  from  the  gun  of  land  upon 
the  sea  where  rivers  and  torrents  have  [wodnced  deltas.  If  the  sedi- 
mentary matter  has  filled  up  a  bay  or  gulf  surrounded  by  steep 
mountains,  a  flat  plain  is  formed  skirting  the  inland  precipices;  and 
if  these  deposits  are  upraised,  they  form  a  feature  iu  the  landscape 
very  similar  to  the  areas  of  denudation  before  described. 

In  the  island  of  Sicily  I  bare  examined  many  inland  cliffs  like 
those  of  the  Morea;  as,  for  example,  near  Palermo,  where  a  precipice 
is  seen  consisting  of  limestone  at  the  base  of  which  are  numerous 
caves.  One  of  these,  called  San  Giro,  about  2  mites  distant  from 
Palermo,  is  about  20  feet  high,  10  wide,  and  180  above  the  sea. 
Within  it  is  found  on  ancient  beach  (6,  fig.  93.),  formed  of  pebbles 
of  various  rocks,  many  of  which  must  have  come  from  places  far 
remote.  Broken  pieces  of  coral  and  shell,  especially  of  oysters  and 
pectens,  are  seen  intermingled  with  the  pebbles.  Immediately  above 
the  level  of  this  beach,  ierpuheare  still  found  adhering  to  the  face  of 
the  rock,  and  the  limestone  is  perforated  by  UthodomL  Within  the 
grotto,  ako,  at  the  same  level,  similar  perforations  occur;  and  so 
numerous  are  t^  holes,  that  the  rock  is  compared  by  Hoffinaon  to  a 
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target  pierced  by  luiuket  balls.     But  in  order  to  expose  U 


marks  of  boring-sbella  in  the  interior  of  the  cave,  it  was  necessary 
first  to  remove  a  mass  of  breccia,  which  consisled  of  namerons  frag- 
ments of  rock  and  an  immense  quantity  of  bones  of  the  mammotb, 
hippopotamua,  and  other  quadrupeds,  imbedded  in  a  dark  brown  cal- 
careous marl.  Many  of  tbe  bones  were  rolled  as  if  partially  subjected 
to  the  action  of  the  waves.  Below  this  breccia,  which  is  about  20 
feet  thick,  was  found  a  bed  of  sand  filled  with  sea-sbells  of  recent 
species ;  and  underneatb  the  sand,  again,  is  the  secondary  limestone 
of  Monte  Grifone.  The  state  of  the  surface  of  the  limestone  in  the 
cave  above  the  level  of  the  marine  sand  is  very  different  from  that 
bclotv  it  Above,  the  rock  is  jagged  and  uneven,  as  is  usual  in  the 
roofs  and  sides  of  limestone  caverns  ;  below,  the  surface  is  smooth  and 
polished,  as  if  by  the  attrition  of  the  wares. 

The  platform  indicated  at  c,  fig.  93.,  is  formed  by  a  tertiary  de- 
posit containing  marine  shells  almost  all  of  living  species,  and  it 
affords  an  illustration  of  the  terrace  of  deposition,  or  the  last  of  the 
two  kinds  before  mentioned  (p.  74.). 

There  are  also  numerous  instances  in  Sicily  of  terraces  of  denuda- 
tion. One  of  these  occurs  on  the  east  coast  to  the  north  of  Syracuse, 
and  the  same  is  resumed  to  the  south  beyond  the  town  of  Noto,  where 
it  may  be  traced  forming  a  continuous  and  lofty  precipice,  a  b,  fig.  94., 
facing  towards  the  sea,  and  constituting  the  abrupt  termination  of  a  cal- 
careous formation,  which  extends  in  horizontal  strata  far  inland.  This 
precipice  varies  in  height  from  500  to  700  feet,  and  between  its  base 
and  the  sea  is  an  inferior  platform,  c  b,  consisting  of  simUar  white 
limestone.  All  the  beds  dip  towards  the  sea,  but  are  nsually  inclined 
at  a  very  slight  angle :  they  are  seen  to  extend  uninterruptedly  from 
the  base  of  the  escarpment  into  the  platform,  showing  distinctly  that 
the  lofty  cliff  was  not  produced,  by  a  fault  or  vertical  shift  of  the 
beds,  but  by  the  removal  of  a  considerable  mass  of  rock.  Hence  we 
may  conclude  that  the  sea,  which  is  now  undermining  the  cliffs  of 
the  Sicilian  coast,  reached  at  some  former  period  the  base  of  the  pre- 
cipice a  b,  at  which  time  the  surface  of  tiie  terrace  c  b  must  have 

■  Sectioe  gnes  by  Dr.  Chrfatie,  Edin.  lata  M.  Hoffmaan.  8«e  aeoonnt  by  Mr. 
Kc»  FfaiL  Jooro.  No.  xxiiL,  eaUed  by  B.P.Pnut,  F.O.S.,  FroceadingiofGKiL 
mtaHa  the  Care  of  Mardolce,  bj  the    Soc  No.  3S.  1833. 
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been  covered  by  the  Meditemineui.  There  was  a  pause,  therefore, 
in  the  upward  movement^  when  the  waves  of  the  sea  had  time  to 
carve  ont  the  platfonn  e  b;  but  there  may  have  been  many  other 
stationary  periods  of  minor  duration.  Suppose,  for  example,  that  a 
series  of  escarpments  e,/,  g.  A,  once  existed,  and  that  the  sea,  during 
a  long  interval  free  from  subterranean  movements,  advances  along 
the  line  e  h,  all  preceding  cliffs  muBt  have  been  swept  away  one  after 
the  other,  and  reduced  to  the  single  precipice  a  b. 

That  such  a  series  of  smaller  cliffs,  as  those  represented  at  e,/,  ff,h, 
fig.  94.,  did  really  once  exist  at  intermediate  heights  in  place  of  the 
single  precipice  a  b,  is  rendered  highly  probable  by  the  fact,  that  in 
certain  bays  and  inland  valleys  opening  towards  the  east  coast  of 
Scily,  and  not  far  from  the  section  given  in  fig.  94.,  the  solid  lime- 
stone is  shaped  out  into  a  great  succession  of  ledges,  separated  from 
each  other  by  small  vertical  cliffs.    These  are  sometimes  so  nume- 


TiU«T  ulM  Goiio  4>^  Hirtlrl,  below  Hilllll,  Vil  dt  NiXa. 

rous,  one  above  the  other,  that  where  there  is  a  bend  at  the  bead  of  a 
valley,  they  produce  an  effect  singularly  resembling  the  seals  of  k 
Roman  amphitheatre.  A,good  example  of  this  configuration  occnrs 
near  the  town  of  MeliUi,  as  seen  in  the  annexed  view  (fig.  95.).  In 
the  south  of  the  island,  near  Spaccafomo  Scicli,  and  Modica,  preci- 
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pitooa  rocks  of  white  limeatone,  ucettding  to  the  height  of  600  feet, 
have  been  carved  out  iato  nmilflir  forma. 

Tliia  kppe&ruice  of  a  range  of  marUe  Mats  circling  round  the 
head  of  a  vaUey,  or  of  great  flights  of  atepa  descending  firom  the  top 
to  the  bottom,  on  the  opposite  aides  of  agorge,  maj be  acconnted  for, 
as  already  hinted,  b;  supposing  the  sea  to  have  etood  anccesaively  at 
maay  diSerent  levels,  as  at  a  a,  A  6,  c  c,  in  the  acoorapanying  fig.  96. 
But  the  cause!  of  the  gradual  contraction  of  the  vaUey  from  abore 

not. 
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downwards  may  still  be  matter  of  specnlatJon.  Such  contraction 
may  be  due  to  the  greater  force  exerted  by  the  wares  when  the  land 
at  ita  flrst  emergence  was  smaller  in  quantity,  and  more  exposed  to 
denudation  in  an  open  sea  ;  whereas  the  wear  and  tear  of  the  rocka 
might  diminish  in  proportion  as  this  action  became  confined  within 
bays  or  channels  closed  in  on  two  or  three  sides.  Or,  secondly,  the 
separate  movements  of  elevation  may  have  followed  each  other  more 
rapidly  as  the  land  continued  to  rise,  so  that  the  times  of  those  pauses, 
during  which  the  greatest  denudation  was  accomplished  at  certain 
levels,  were  always  growing  shorter.  It  should  be  remarked,  that 
the  cliffs  and  small  terraces  are  rarely  found  on  the  opposite  sides  of 
the  Sicilian  valleys  at  heights  so  precisely  answering  to  each  other  as 
those  given  in  fig.  96.,  and  this  might  have  been  expected,  to  which- 
ever of  the  two  hypotheses  above  explained  we  incline;  for,  accord- 
ing to  the  direction  of  the  prevailing  winds  and  currents,  the  waves 
may  beat  with  unequal  force  on  different  parts  of  the  shore,  so  that 
while  no  impression  is  made  on  one  side  of  a  bay,  the  sea  may  en* 
croach  so  far  on  the  other  aa  to  unite  several  smaller  cliffs  into  one. 

Before  quitting  the  subject  of  ancient  sea-cliffs,  carved  out  of 
limestone,  I  shall  mention  the  range  of  precipitous  rocks,  composed 
of  a  white  marble  of  the  Oolitic  period,  which  I  have  seen  near  the 
northern  gate  of  St  Mihiel  in  France.  They  are  utuated  on  the 
right  bank  of  the  Uease,  at  a  distance  of  200  miles  from  the  nearest 
sea,  and  they  present  on  the  precipice  facing  the  river  three  or  four 
horiaontal  grooves,  ene  above  the  other,  precisely  resembling  those 
which  are  scooped  out  by  the  undermining  waves.  The  summits  of 
several  of  these  masses  are  detached  &om  the  adjoining  bill,  in 
which  case  the  grooves  pass  all  round  them,  facing  towards  all  points 
of  the  compass,  aa  if  they  bad  once  formed  rocky  islets  near  the 

•  I WH  dJneted  by  IL  JMiMjt*  In  this  spot,  which  I  TUted  in  Jnae,  1B33. 
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Captftin  Bfiyfleld,  in  his  btitvoj  of  the  Gulf  of  St.  Lftwrence,  dis- 
covered in  several  places,  especially  in  the  Ming&n  islands,  a  coiin- 
terpart  of  the  inland  cliffs  of  St.  Mihiel,  and  traced  a  succession  of 
shingle  beaches,  one  abore  the  other,  which  agreed  in  their  level 
with  some  of  the  principal  grooves  scooped  out  of  the  limestoae 
pillars.  These  beaches  consisted  of  calcareous  shingle,  with  shells  of 
recent  species,  the  farthest  from  the  shore  being  €0  feet  above  the 
level  of  the  highest  tides.  In  addition  to  the  drftwinga  of  the  pillars 
called  the  flower-pots,  which  he  has  published  *,  I  have  been  favoured 
nrith  other  views  of  rocks  on  the  same  coast,  drawn  hj  Lieut.  A. 
Bowen,B.N.    (See  flg.  97.) 


In  the  North -American  beaches  above  mentioned  rounded  frag- 
ments of  limestone  have  been  found  perforated  by  Uthodomi;  and 
holes  drilled  hy  the  same  moUusks  have  been  detected  in  the 
columusr  rocks  or  "flower-pots,"  showing  that  there  has  been  do 
great  amount  of  atmospheric  decomposition  on  the  surface,  or  the 
cavities  alluded  to  would  hare  disappeared. 

We  have  ui  opportunity  of  seeing  in  the  Bennada  islands  the 


manner  in  which  the  waves  of  the  Atlantic  have  woro,  and  are 

wearing  out,  deep  smooth  hollows  on  every  aide  of  projecting  m 

of  hard  limestone.     In  the  annexed  drawing,  conununicated  t 

*  Sm  Tnuu.  of  GeoL  Soc,  secoiid  tenet,  voL  v.  pUic  t. 
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b  J  Cftpt.  Nelson,  B.  E.,  the  excaTationa  o,  c,  e,  have  been  scooped  out 
hy  the  wavea  in  a  etone  of  very  modern  date,  which,  although  ex- 
tremely bard,  IB  full  of  reoent  COTftla  and  sbella,  some  of  which  retain 
th«r  GoloDT. 

When  the  forms  of  these  hOTisontal  grooves,  of  whioh  the  surface 
ia  sometimes  smooth  and  almost  policed,  and  the  roofs  of  which 
often  overhang  to  the  extent  of  5  feet  or  more,  hBTs  been  car^ 
fullj  studied  by  geologists,  they  will  serve  to  testify  the  former 
action  of  the  waves  at  innnmerable  points  far  in  the  intericv  of  the 
continents.  Bat  we  mnat  leam  to  disliagnish  the  indentations  dne 
to  the  original  action  of  the  sea,  and  those  caused  by  subsequent 
chemical  decomposition  of  calcareous  rocks,  to  which  they  are  liable 
in  the  atmosphere. 

I  shall  conclude  with  a  warning  to  beginners  not  to  feel  surprise 
if  they  can  detect  no  evidence  of  the  former  sojourn  of  the  sea  on 
lands  which  we  are  nevertheless  sure  have  been  submerged  at  periods 
comparatively  modem  i  for  notwithstanding  the  enduring  nature  of 
the  marks  left  by  littoral  action  on  calcareous  rocks,  we  can  by  no 
means  detect  sea-beaches  and  inland  chSi  everywhere,  even  in  Sicily 
and  the  Uorea.  On  the  contrary,  they  are,  upon  the  whole,  ex- 
tremely partial,  and  are  often  entirely  wanting  in  districts  composed 
of  argillaceous  and  sandy  formations,  which  most,  nevertheless,  have 
been  upheaved  at  the  same  time,  and  by  the  same  iotennittent  move- 
ments, as  the  adjoining  calcareous  rocks. 


CHAPTER  Vn. 

llLtrviUK. 


Allarinm  dnciibed — Dae  to  etmplicmd  cuuea — Of  virioiu  ago,  u  shown  is 
AnTcr^e — How  dutingtiiahed  from  rocki  n  titu^-'Bivvi  t«nnM« — Fanllel 
loadi  of  Glen  Boj — Virioiu  thecnin  reapecling  their  origin. 

Between  the  superficial  covering  of  vegetable  mould  and  the  sub- 
jacent rock  there  usually  intervenes  in  every  district  a  deposit  of 
loose  gravel,  sand,  and  mud,  to  which  the  name  of  alluvium  has 
been  applied.  The  term  is  derived  from  allavio,  an  inundation,  or 
aUtto,  to  wash,  because  the  pebbles  and  sand  commonly  resemble 
those  of  a  river's  bed  or  the  mud  and  gravel  washed  over  low  lands 
by  a  flood. 

A  partial  covering  of  snch  alluvium  is  found  alike  in  all  climates, 
from  the  equatorial  to  the  polar  regions ;  but  in  the  higher  latitudes 
of  Europe  and  North  America  it  assumes  a  distinct  character,  being 
very  frequently  devoid  of  strati Bcation,  and  containing  huge  frag- 
ments of  rock,  some  angular  and  others  rounded,  which  have  been 
transported  to  great  distances  from  their  parent  mountains.  When 
it  presents  itself  in  thb  form,  it  has  been  called  "  diluvium,"  "  drift," 
<a  the  "  boulder  formation ;  *  and  its  probable  connexion  with  the 
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Bgenc7  of  flo&ting  ice  and  glacierE  will  bo  treated  of  more  pu-ticiilarlj 
in  the  elerenth  and  twelfth  chapwrs. 

The  atadent  will  be  prepared,  by  what  I  have  ttii  ia  the  last 
chapter  on  denudation,  to  bear  that  loose  gravel  and  aand  are  often 
met  with,  not  only  on  the  low  grounda  bctrdering  rivera,  but  also  at 
variouB  points  on  the  sides  or  even  Bummits  of  mountains.  For,  in 
the  course  of  those  changes  in  physical  geography  which  may  take 
place  during  the  gradual  emergence  of  the  bottom  of  the  sea  and  its 
conversion  into  dry  land,  any  spot  may  either  have  been  a  snnken 
reef,  or  a  bay,  or  estusij,  or  sea-shore,  or  the  bed  of  a  river.  Tbe 
drainage,  moreover,  may  have  been  deranged  ugain  and  agaio  hy 
earthquakes,  during  which  temporary  lakes  are  caused  by  landslips, 
and  partial  deluges  occasioned  by  the  bursting  of  the  barriers  of  sacli 
lakes.  For  this  reason  it  would  be  unreasonable  to  hope  that  yra 
should  ever  be  able  to  account  for  all  the  allavial  pheocmiena  of  each 
particular  country,  seeing  that  the  causes  of  their  origin  are  so  variooa. 
Besides,  the  last  operations  of  water  have  a  tendency  to  disturb  and 
confound  together  all  [«e-exiBting  aUovituna.  Hence  we  are  always 
in  danger  of  regarding  as  the  work  of  a  single  era,  and  the  effect  of 
one  cause,  what  has  in  reality  been  the  result  of  a  variety  of  distinct 
agents,  during  a  long  succession  of  geolc^;|cal  epochs.  Much  useful 
instruction  may  therefore  be  gained  from  the  exploration  of  a  country 
like  Auvergne,  where  the  superficial  gravel  of  very  different  eras 
happens  to  have  been  preserved  by  sheets  of  lava,  which  were 
poured  out  one  after  the  other  at  periods  when  the  denudation,  and 
probably  the  upheaval,  of  rocks  were  in  pr<^ress.  That  region  had 
already  acquired  in  some  degree  its  present  configuration  before  any 
volcanoes  were  in  activity,  and  before  any  igneous  matter  was  super- 
imposed upon  the  granitic  and  fossiliferous  formations.  The  pebbles 
therefore  in  the  older  gravels  are  exclusively  constituted  of  granite 
and  other  aboriginal  rocks ;  and  afterwards,  when  vtdctmic  venta 
burst  forth  into  eruption,  those  earlier  alluviums  ware  covered  by 


Lnu  of  JiiintfD*  mdDf  od  ■liurlinu  of  dJlAnoC  ifei. 

streams  of  lava,  which  protected  them  from  intermixture  with  gravel 
of  subsequent  date.  In  tbe  course  of  ages,  a  new  system  of  valleys 
was  excavated,  so  that  the  rivers  ran  at  lower  levels  than  those  at 
which  the  first  alluviums  and  sheets  of  lava  were  formed.  When, 
therefore,  firesh  eruptions  gave  rise  to  new  lava,  the  melted  matter 
was  poured  out  over  lower  grounds ;  and  the  gravel  of  these  plains 
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differed  from  the  first  or  upland  alluviani,  by  containing  in  it  rounded 
fragments  of  Tariona  volcanic  rocks,  and  often  bones  belonging  to 
distinct  groups  of  land  animals  which  flonrished  in  the  oounlry  in 


The  annexed  drawing  will  explain  the  difllerent  heights  at  which 
beds  of  lava  and  grarel,  each  distinct  &om  the  other  in  composition 
and  age,  are  observed,  some  on  the  flat  tops  of  hills,  700  or  800  feet 
high,  others  on  the  slope  of  the  same  hills,  and  the  newest  of  all  in 
the  channel  of  the  existing  river  where  there  is  nsnallj  gravel  alone, 
bat  in  some  cases  a  narrow  stripe  of  solid  lava  shariog  the  bottom  of 
the  Talley  with  the  rirer.  In  all  these  accnmnlations  of  transported 
matter  of  difiTerent  ages  the  bones  of  extjnct  mammalia  have  been 
fonnd  belonging  to  assemblages  of  land  qnadmpeds,  which  flourished 
in  the  country  in  succession,  and  which  varj  speciflcally,  the  one  set 
from  the  other,  in  a  greater  or  less  degree,  in  proportion  as  the  time 
which  separated  their  entombment  has  been  more  or  less  protracted. 
The  streams  in  the  same  district  are  still  undermining  their  banks  and 
grinding  down  into  pebbles  or  sand,  columns  of  basalt  and  frag- 
ments  of  granite  and  gneiss ;  but  portions  of  the  older  alluvinms,  with 
the  fossil  remains  belonging  to  tliem,  are  preventedfrom  being  mingled 
with  the  gravel  of  recent  date  by  the  cappinga  of  lava  before  mentioned. 
Bat  for  the  accidental  interference,  therefore,  of  this  peculisr  cause, 
all  the  aUuvioms  might  have  passed  so  inaensibly  the  one  into  the 
other,  that  those  formed  at  the  remotest  era  might  have  appeared 
of  the  same  date  as  the  newest,  and  the  whole  formation  might  have 
been  regarded  hy  some  geolc^ists  as  the  result  of  one  sudden  and 
violent  catastrophe. 

In  almost  every  country,  the  alluriam  consists  in  its  upper  part  of 
transported  materials,  but  it  often  passes  downwards  into  a  mass  of 
broken  and  angular  fragments  derived  from  the  subjacent  rock.  To 
this  mass  the  provincial  name  of  "  rubble,"  or  "  brash,"  ia  given  in 
man;  parts  of  England.  It  may  be  referred  to  the  vrcathering  or 
disintegration  of  stone  on  tlie  spot,  the  eflecta  of  air  and  water,  sun 
and  frost,  and  chemical  decomposition. 

The  inferior  surface  of  alluvial  deposits  is  often  Tery  irregular, 
conforming  to  all  the  inequalities  of  the  fundamental  rocks  (fig.  100.). 
Occasionally,  a  small  mass,  aa  at  c, 
appears  detached,  uid  as  if  included  in 
the  subjacent  formation.  Such  isolated 
portions  are  usually  sections  of  winding 
subterranean  hollows  filled  up  with  allu- 
m.  They  may  have  been  the  courses 
of  springs  or  subterranean  streamlets, 
which  have  flowed  through  and  enlarged 
natural  rents ;  or,  when  on  a  small  scale 
'  in  soft  strata,  they  may  be  spaces 
n.  1.  Aiiniion.  which  the  roots  of  large  trees  have  once 
.>pvw«tif<u»c)i«i.  occupied,  gravel  and  sand  having  boen 
introduced  after  their  decay. 
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SANXt-FIPES. 


[Ch.  VII. 


Bnt  there  ore  other  deep  hollowB  of  a.  cylindriul  form  found  io 
EngUad,  France,  aod  elaewhere,  peaetrating  the  white  chalk,  &nd 
filled  with  sand  utd  gravel,  which  are  not  ao  readily  expired. 
Xbey  are  Bometimea  called  "  sand-pipes,"  or  "  aand-galls,"  and  "  puita 
naturels,"  in  EVaace.    These  repreaented  in  the  smoezed  cut  were 


Sui4-plpc*lD 


obaerred  bj  me  in  1839,  laid  epen  in  a  large  chalk-pit  near  Norwich. 
They  were  of  very  symmetriul  form*  the  largest  more  than  12  feet 
in  diameter,  and  some  of  them  had  been  traced,  bj  boring,  to  the 
depth  of  more  than  60  feet.  The  smaller  ones  varied  from  a  few- 
inches  to  a  foot  in  diameter,  and  seldom  descended  more  than  12  feet 
below  the  sarface.  Even  where  three  of  them  occurred,  as  at  a, 
fig.  101.,  very  close  together,  the  parting  walls  of  soft  white  chalk 
were  not  broken  throngh.  They  all  taper  downwards  and  end  id  a 
point.  As  a  general  rale,  sand  and  pebbles  occupy  the  central  parts 
of  each  pipe,  while  the  sides  and  bottom  are  lined  with  clay. 

Mr.  Trimmer,  in  speaking  of  appearances  of  the  same  kind  in  the 
Kentish  chalk,  attribut«e  the  origin  of  such  "sand-galls"  to  the 
action  of  the  sea  on  a  beach  or  shoal,  where  the  waves,  charged 
with  shingle  and  sand,  not  only  wear  oat  longitudinal  furrows,  such 
as  may  be  observed  on  the  surface  of  the  above-mentioned  chalk  near 
Norwich  when  the  incumbent  gravel  is  removed,  but  also  drill  deep 
circular  hollows  by  the  rotatory  motion  imparted  to  sand  and  pebbles. 
Such  furrows,  as  well  as  vertical  cavities,  are  now  formed,  he  observes, 
on  the  coast  where  the  shores  are  composed  of  chalk.* 

That  the  commencement  of  many  of  the  tubular  cavities  now  under 
consideration  has  been  due  to  the  cause  here  assigned,  I  have  little 
doobt.  Bat  such  mechanical  action  coald  not  have  hollowed  out  the 
whole  of  the  sand-pipes  c  and  d,  fig.  101.,  because  several  large  chalk- 
flints  seen  protruding  from  the  walls  of  the  pipes  have  not  been 
eroded,  while  sand  and  gravel  have  penetrated  many  feet  below  them. 
In  other  cases,  as  at  bb,  similar  unrounded  nodules  of  flint,  still 
preserving  their  irregular  form  and  white  coating,  are  found  at 

■  dimmer,  Froeeedings  of  OeoL  Soc  toL  ir.  p.  1. 1849. 
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v&rionB  depths  in  Ihe  midat  of  the  loose  materials  filling  the  pipe, 
l^ese  hare  evidently  been  detached  from  regular  layers  of  flints  oc- 
curring above.  It  is  aUo  to  be  remarked  that  the  course  of  the  same 
sand-pipe,  b  b,  u  traceable  above  the  level  of  the  chalk  for  some 
cUetance  upwards,  through  the  incumbent  gravel  and  sand,  by  the 
obliteration  of  all  signs  of  stratification.  Occasionally,  also,  as  in 
the  pipe  d,  the  overlyiug  beds  of  gravel  bend  downwards  into  the 
month  of  the  pipe,  so  as  to  become  in  part  vertical,  as  would  happen 
if  horisontal  layers  had  sunk  gradually  in  consequence  of  a  failure  of 
support.  All  these  phenomena  may  be  accounted  for  by  attributing 
the  enlargement  aod  deepening  of  the  sand-pipes  to  the  chemical 
action  of  water  charged  with  carbonic  acid,  derived  from  the  vegetable 
soil  and  the  decaying  roots  of  trees.  Such  acid  might  corrode  tlte 
chalk,  and  deepen  indefinitely  any  previously  existing  hollow,  but 
could  not  dissolve  the  flints.  The  water,  after  it  had  become  saturated 
with  carbonate  of  lime,  might  freely  percolate  the  surrounding  porous 
walls  of  chalk,  and  escape  through  ttkem  and  from  the  bottom  of  the 
tube,  so  as  to  carry  away  in  the  course  of  time  large  masses  of 
dissolved  calcareous  rock*,  and  leave  behind  it  on  the  edges  of  each 
tubular  hollow  a  coating  of  flne  clay,  which  the  white  chalk  contoias, 

I  have  seen  tubes  precisdy  similar  and  fiom  1  to  5  feet  in  diameter 
traversing  vertically  the  upper  half  of  the  soft  calcareous  building 
ston^  or  chalk  without  flints,  constituting  St  Peter's  Mount,  Maes- 
tricbt  These  hollows  are  filled  with  pebbks  and  clay,  derived  from 
overl^nng  beds  of  gravel,  and  all  terminate  downwards  like  those 
of  Norfolk.  I  was  informed  that,  6  miles  from  Maestricht,  one  of 
these  pipes,  2  feet  in  diameter,  was  traced  downjvards  to  a  bed  of 
flattened  flints,  forming  an  almost  continuous  layer  in  the  chalk. 
Here  it  terminated  abruptly,  but  a  few  small  root-like  prolongations 
of  it  were  detected  immediately  below,  probably  where  the  dissolving 
substance  had  penetrated  at  some  points  through  openings  in  the 
siliceous  mass. 

It  is  not  so  easy  as  may  at  first  appear  to  draw  a  clear  line  of 
distinction  between  the  ^fixed  rocks,  or  regular  strata  (rocks  in  titu 
or  m  plaee),  and  alluvium.  If  the  bed  of  a  torrent  or  river  be  dried 
up,  we  call  the  gravel,  sand,  and  mad,  left  in  their  channels,  of 
whatever,  during  floods,  they  may  have  scattered  over  the  neighbour- 
ing plains,  alluvium.  The  very  same  materials  carried  into  a  lake, 
where  they  become  sorted  by  water  and  arranged  in  more  distinct 
layers,  especially  if  .they  inclose  the  remuns  of  planti^  shells,  or  other 
fosuls,  are  termed  regular  strata. 

In  like  manner  we  may  sometimes  compare  the  gravel,  sand,  and 
broken  shells,  strewed  along  the  path  of  a  rapid  marine  current,  with 
a  deposit  formed  contemporaneously  by  the  dischai^  of  dmilar  ma- 
teria year  after  year,  into  a  deeper  and  more  tranquil  part  of  the 
sea.  Lt  such  cases,  when  we  detect  marine  shells  or  other  organic 
remains  entombed  in  the  strata  which  enable  us  to  determine  their 

*  SeeLycU  on  Saud-pipei,  &c«  Phil  Hag..  ()iirdi«ri«i,voLzv.  p.  SSI..  Oct.  1B39, 
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^e  and  mode  of  origin,  we  regard  them  as  part  of  the  regular  Mrie« 
of  foBsiliferous  formatioas,  vherea«,  if  there  are  no  foasils,  ne  have 
freqnently  no  power  of  aeparating  them  from  the  geaeral  mass  of 
superficial  alluvium. 

The  naual  rarity  of  organic  remains  in  beds  of  loose  grarel  is  partly 
owing  to  the  friction  which  originally  ground  down  rocks  into  pebble^ 
or  ssnd,  and  organic  bodies  into  small  fragments,  and  it  is  partly  owing 
to  the  porous  aatare  of  alluvium  when  it  has  emerged,  which  allows 
the  free  percolation  througX  it  of  rain-water,  and  promotes  the  de- 
composition and  solution  of  fossil  remains. 

It  has  long  been  a  matter  of  common  observation  that  moat  rivera 
are  nov  cutting  their  channels  through  allavial  deposits  of  greater 
depth  and  extent  than  could  ever  have  been  formed  by  the  present 
streams.  From  this  fact  a  rash  inference  has  sometimes  been  drawn, 
that  rivers  in  general  have  grown  smaller,  or  become  less  liable  to  be 
flooded  than  formerly.  But  such  phenomena  wonld  be  a  natural  result 
of  considerable  oscillations  in  the  level  of  the  land  experienced  sinoe 
the  existing  valleys  originated. 

Suppose  part  of  a  continent,  comprising  within  it  a  large  hydro- 
graphical  basin  like  that  of  the  Mississippi,  to  subside  several  inches 
or  feet  in  a  century,  as  the  west  coast  of  Greenland,  extending  600 
miles  north  and  south,  has  been  sinking  for  three  or  four  centuries 
between  the  latitudes  60°  and  69°  N. '  It  will  rarely  happen  that 
the  rate  of  subsidence  will  be  everywhere  equal,  and  in  many  cases 
the  amount  of  depressioa  in  the  interior  will  regularly  exceed  that  of 
the  region  nearer  the  sea.  Whenever  this  happens,  the  fall  of  the 
waters  flowing  from  the  upland  country  will  be  diminished,  and  each 
tributary  stream  will  have  less  power  to  carry  ila  sand  and  sediment 
into  the  main  river,  and  the  main  river  less  power  to  convey  ita 
annual  burden  of  transported  matter  to  the  sea.  All  the  rivers,  there- 
fore, will  proceed  to  fill  up  partially  their  ancient  channels,  and, 
during  frequent  inundations,  will  raise  their  alluvial  plains  by  new 
deposits.  If  then  the  same  area  of  land  be  again  upheaved  to  its 
former  height,  the  fall,  and  consequently  the  velocity,  of  every  river 
will  begin  to  augment  Each  of  them  will  lie  less  given  to  overflow 
its  alluvial  plain ;  and  their  power  of  carrying  earthy  matter  sea- 
ward, and  of  scouring  out  and  deepening  their  channela,  will  be 
sustained  till,  after  a  lapse  of  many  thousand  years,  each  of  them 
has  eroded  a  new  channel  or  valley  through  a  fluviatile  formatioD 
of  comparatively  modem  date.  The  surface  of  what  was  once  the 
river-plain  at  theperiodof  greatest  depression,  will  then  remain  fring- 
ing the  valley-sides  in  the  form  of  a  terrace  apparently  flat,  but  in 
reality  sloping  down  with  the  general  inclination  of  the  river.  Every- 
where this  terrace  wilt  present  clifis  of  gravel  and  sand,  facing  the 
river.  That  such  a  series  of  movements  has  actually  taken  place  in  the 
main  valley  of  the  Uisaissippi  and  in  its  tributary  valleys  during  oocil- 
latioDS  of  level,  I  have  endeavoured  to  show  in  my  description  of  that 

•  Frincipks  of  Oeology,  7tli  ed.  pv  SOC,  8tli  cd.  {l  60). 
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coiin[T7  •  i  and  the  frcBhwater  sheila  of  eiiBting  species  and  bonea  of 
land  qimdrnpeds,  partly  of  extinct  races,  preserved  in  the  terraces  of 
flDviatile  origin,  attest  the  exclusion  of  the  sea  during  the  whde  pro- 
cess of  filling  up  and  partial  re-excavatioD. 

Id  many  cases,  the  alluvium  in  which  rivers  are  dow  cutting  their 
chaoDels,  originated  when  the  land  first  rose  out  of  the  sea.  If, 
for  example,  the  emergence  was  caused  bj  a  gradual  and  uniform 
motion,  every  bay  and  estuary,  or  the  straits  between  islands,  would 
dry  up  eloffly,  and  during  their  conv^aion  into  valleys,  every  part 
of  the  upheaved  area  would  in  its  turn  be  a  sea-shore,  and  might  be 
strewed  over  with  littoral  sand  and  pebbles,  or  each  spot  might  be 
the  point  where  a  delta  accumulated  during  the  retreat  and  exclusion 
oftheiea.  Materials,  so  accumulated  would  conform  to  the  general 
slope  of  a  valley  from  its  bead  to  the  sea-coast. 

Swtr  terraeei. — We  often  observe  at  a  short  distance  from  the 
present  bed  of  a  river  a  steep  cliff  a  few  feet  or  yards  high,  and  on  a 
level  with  the  top  of  it  a  flat  terrace  corresponding  in  appearance  to 
the  aUuvial  plain  which  immediately  borders  the  river.  This  terrace 
is  again  bounded  by  another  cliff,  above  vhich  a  second  t«rrace 
sometimes  occurs  ;  and  in  this  manner  two  or  three  ranges  of  cliffs 
and  terraces  are  occasionally  seen  on  one  or  both  sides  of  the  stream, 
the  nnmber  varying,  but  those  on  the  opposite  sides  often  corre- 
sponding in  height. 


The«e  terracea'are  seldom  continuous  for  great  distances,  and  their 
surface  slopes  downwards  with  an  inclination  similar  to  that  of  the 
river.  Tbey  are  readily  explained  if  we  adopt  tbe  hypothesis  before 
suggested,  of  a  gradual  rise  of  the  land ;  especially  if,  while  rivers  are 
ehsping  out  their  beds,  the  upheaving  movement  be  intermittent,  so 
that  long  pauses  shaU  occur,  during  which  the  stream  will  have  time 
to  encroach  upon  one  of  its  banks,  so  as  to  clear  away  and  flatten  a 
targe  space.  This  operation  being  afiterwards  repeated  at  lower 
levels,  ^ere  will  be  several  successive  cliffs  and  terraces. 

•  Second  Tnt  to  the  U.  S.  vd.  IL  chap.  34. 
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Parallel  roads.— The  parallel  ehelves,  or  roads,  as  tliey  hare  beeo 
called,  of  Locltaber  or  Glen  R07  «nd  other  contigaoDS  valleys  in 
Scotland,  are  distinct  both  in  character  and  origin  from  the  terracca 
above  described ;  for  they  have  no  alopo  towards  tbe  sea  like  tba 
channel  of  a  river,  nor  are  they  tbe  effect  of  denndation.  Glen 
Boy  is  situated  in  ika  Western  Highlands,  about  ten  miles  north  of 
Fort  William,  near  the  vreatem  end  of  the  great  glen  of  Scotland,  or 
Caledonian  Canal,  and  near  the  foot  of  the  highest  of  tbe  Gtiampan^ 
Ben  Nevia.  Throughout  its.vrbole  length,  a  distance  of  more  than 
ten  miles,  two,  and  in  its  lower  part  three,  parallel  roads  or  shelves 
are  traced  along  the  steep  sides  of  the  mountains,  as  repreeented  in 
the  annexed  figure,  fig.  102.,  each  maintaining  a  perfect  horisontality, 
and  continuing  at  exactly  the  same  level  on  the  opposite  sides  of  tbe 
glen.  Seen  at  a  distance,  they  appear  like  ledges  or  roads,  cat  arli- 
Hcislly  out  of  the  sides  of  tbe  hills  ;  but  when  we  are  upon  them  we 
can  scarcely  recognize  their  existence,  so  uneven  is  their  surface, 
and  so  covered  with  boulders.  They  are  from  10  to  60  feet  broad, 
and  merely  differ  from  the  side  of  the  mountain  by  being  somewha; 
less  steep. 

On  closer  inspection,  we  find  tbat  these  terraces  are  stratified  in 
the  ordinary  manner  of  aUnvial  or  littwal  deposits,  as  may  be  seen  at 
those  points  where  ravines  have  been  excavated  by  torrmts.  Tlie 
parallel  shelves,  therefore,  have  not  been  caused  by  denndation,  but 
by  the  deposition  of  detritus,  precisely  similar  to  that  which  is  dis- 
persed in  smaller  quantities  over  the  declivities  of  the  hills  above. 
These  hills  consist  of  clay'slate,  micS'Schist,  and  granite,  which  rocks 
have  been  worn  away  and  Itud  bare  at  a  few  points  only,  in  a  line 
just  above  the  parallel  roads.  The  highest  of  these  roads  is  about 
1250  feet  above  the  level  of  the  sea,  the  next  about  200  feet  bwer 
than  the  uppermost,  and  tbe  third  still  lower  by  about  50  feet  It  is 
only  this  last,  or  the  lowest  of  the  three,  which  is  contiaued  through- 
out Glen  Spean,  a  large  valley  with  which  Glen  Roy  unites.  Aa 
tbe  shelves  are  always  at  the  same  height  above  tbe  sea,  they  become 
continually  more  elevated  above  the  river  in  proportion  as  we  descend 
each  valley;  and  they  at  length  terminate  very  abruptly,  without 
any  obvious  cause,  or  any  change  either  in  the  shape  of  tbe  ground 
or  in  the  composition  or  hardness  of  the  rocks.  I  should  exceed  the 
limits  of  this  work,  were  I  to  attempt  to  give  a  full  description  of  all 
the  geographical  circumstances  attending  these  singular  terraces,  or 
to  discuss  tiie  ingenious  theories  which  have  been  severally  proposed 
to  account  for  them  by  Dr.  Uaccullocb,  Sir  T.  D.  Lauder,  and  Messrs. 
Darwin,  Agassiz,  Milne,  and  Chambers.  There  is  one  point,  how- 
ever,  on  which  all  are  agreed,  namely,  that  these  shelves  are  ancient 
beaches,  or  littoral  formations  accumulated  round  the  edges  of  one  or 
more  sheets  of  water  which  once  stood  at  the  level,  first  of  the 
highest  shelf,  and  successively  at  the  height  of  the  two  others.  It  is 
well  known,  that  wherever  a  lake  or  marine  fiord  exists  surrounded 
by  steep  mountains  subject  to  disintegration  by  frost  or  the  action 
of  torrents,  some  loose  matter  is  washed  down  annually,  especiallj 
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',  uid  ft  cbeck  is  given  to  the  deeceot  of 
this  detritas  at  the  point  where  it  reaches 
the  waters  of  the  lake.  The  waves  then 
spread  ont  the  materials  along  the  shor^ 
Hid  throw  some  of  them  npoQ  the  beach ; 
their  dispersing  power  being  aided  hy  the 
ice,  which  often  adheres  to  pebbles  during 
the  winter  months,  and  gives  buojanc^to 
them.  The  annexed  diagram  illnstrates 
the  manner  in  which  Dr.  Maccalloch  and 
Mr.  Darwin  suppose  "  the  roads  "  to  con- 
stitnte  mere  indentations  in  a  saperficial 
alluvial  coating  which  rests  upon  the  hill- 
side, andcooaists  chiefly  of  claj  and  sharp 
unrounded  stones. 
Among  other  proofs  that  the  parallel  roads  have  really  been  formed 
almg  the  margin  of  a  sheet  of  water,  it  may  be  mentioned,  that 
wherever  an  isolated  hill  rises  in  the  middle  of  the  glen  above  the 
level  of  any  particnlar  shelf,  a  corresponding  shelf  is  seen  at  the 
same  level  passing  round  the  hill,  as  would  have  happened  if  it  had 
once  fonn^  an  island  in  a  lake  or  fiord.  Another  very  remarkable 
pecoliarity  in  these  terraces  is  this;  each  of  them  comes  in  some 
pordon  of  its  course  to  a  col,  or  passage  between  the  heads  of  glens, 
dw  explanation  of  which  will  be  considered  in  the  seqnel. 

Those  writers  who  first  advocated  the  doctrine  that  the  roads  were 
the  ancient  beaches  of  freshwater  lakes,  were  nnable  to  offer  any 
probable  hypothesis  respecting  the  formation  and  snbsequent  removal 
of  batriers  of  sufflcient  height  and  solidityto  dam  ap  the  water.  To 
tDtroduce  any  violent  convnleion  for  their  removal  was  inconsistent 
with  the  nnintermpted  horizontslity  of  the  roads,  and  with  the 
nndinnrbed  aspect  of  those  parts  of  the  glens  where  the  shelves 
cmne  saddenly  to  an  end.  Mr.  Agassiz  and  Dr.  Buckland,  desirous, 
like  the  defenders  of  the  lake  theory,  to  account  for  the  limitation  of 
the  shelves  to  certain  glens,  and  their  absence  in  contiguous  glens, 
wbere  the  rocks  are  of  the  same  composition,  and  the  slope  and 
indinatloi)  of  the  ground  very  umilar,  started  the  conjecture  that 
these  valleys  were  once  blocked,  up  by  enormous  glaciers  descending 
frcm  Ben  Nevis,  giving  rise  to  what  are  called  in  Switzerland  and  in 
the  Tyrol,  glacier-lakes.  After  a  time  the  icy  barrier  was  broken 
down,  or  melted,  first,  to  the  level  of  the  second,  and  afterwards  to 
that  of  the  third  road  or  shelf. 

Id  corroboration  of  this  view,  they  contended  that  the  alluvium  of 
Glen  Boy,  as  well  as  of  other  parts  of  Scotland,  agrees  in  character 
with  the  moraines  of  glaciers  seen  in  the  Alpine  valleys  of  Switier- 
Uni  Allnsion  will  be  made  in  the  eleventh  chapter  to  the  former 
eiittence  of  glaciers  in  the  Grampians :  in  the  mean  time  it  will 
nulily  be  conceded  tbat  this  hypothesis  is  preferable  to  any  pre- 
vioug  lacustrine  theory,  by  accountbg  more  easily  for  the  temporary 
uitteace  and  entire  disappearance  of  lofty  transverse  barrien^  al- 
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though  the  height  required  for  the  imaginuy  dams  of  ice  maj  be 
startling. 

Before  the  idea  last  alluded  to  had  heen  entertained,  Mr.  Darwin 
examined  Glen  B07,  and  came  to  the  opinion  that  the  sbelvea  were 
formed  vrhen  the  glens  were  still  arms  of  the  sea,  and,  consequentlj, 
that  there  never  were  anj  seaward  barriers.  According  to  him,  the 
land  emerged  during  a  Blow  and  aniform  upward  movement,  like  tbat 
now  experienced  throughout  a  large  part  of  Sweden  and  Finland ;  bnt 
there  were  certain  pauses  in  the  upbearing  process,  at  which  times 
the  waters  of  the  sea  remuned  stationary  for  so  many  centuries  as  to 
allow  of  the  accumulation  of  ao  extraordinary  quantity  of  detrital 
matter,  and  the  excavation,  at  muiy  points  immediately  above,  of 
deep  notches  and  bare  cliffy  in  the  hard  and  solid  rock. 

The  phenomena  which  are  moat  difficult  to  reconcile  with  this 
theory  are,  first,  Che  abrupt  cessation  of  the  roads  at  certain  points 
in  the  difierent  glens ;  secondly,  their  unequal  number  in  different 
valleys  connecting  with  each  other,  there  b^ng  three,  for  example 
in  Glen  Boy  and  only  one  in  Glen  Speaa  ;  thirdly,  the  precise  hori- 
soDtality  of  level  maintained  by  the  same  shelf  over  a  space  many 
leagues  in  length  requiring  us  to  assume,  that  during  a  rise  of  1250 
feet  no  one  portion  of  the  land  was  raised  even  a  few  yards  above 
another ;  fourthly,  the  coincidence  of  level  already  alluded  to  of  each 
shelf  with  a  coi,  or  the  point  forming  the  head  of  two  glens,  from 
which  the  rain-waters  flow  in  opposite  directions.  This  last-mea- 
tioned  feature  in  the  physical  geography  of  Lochaber  seems  to  have 
been  explained  in  a  satisfactory  manner  by  Mr.  Darwin.  He  calls 
thes^  eol*  "  landstraits,"  and  regards  them  as  having  been  ancientlj 
sounds  or  channels  between  islands.  He  points  out  that  there  is  a 
tendency  in  such  sounds  to  be  silted  up,  and  always  the  more  so  io 
proportion  to  their  narrowness.  In  a  chart  of  the  Falkland  Islands, 
by  Capt.  Sullivan,  R.  N.,  it  appears  that  there  are  several  examptea 
there  of  straits  where  the  soundings  diminish  regularly  towards  the 
narrowest  part  One  is  so  nearly  dry  that  it  can  be  walked  over  at 
low  water,  and  another,  no  longer  covered  by  the  sea,  is  sopposed  to 
hare  recently  dried  up  in  consequence  of  a  small  alteration  in  the  re- 
lative level  of  sea  andland.  "  Similar  straits,"  observes  Mr.  Chambers, 
"  borering,  in  character,  between  sea  and  land,  and  which  may  be 
called  fords,  are  met  with  in  the  Hebrides.  Such,  for  example,  is  the 
passage  dividing  the  islands  of  Lewis  and  Harris,  and  that  between 
North  Uist  and  Benbecala,  both  of  which  would  undoubtedly  appear 
aa  colt,  coinciding  with  a  terrace  or  raised  beach,  all  round  the  islands, 
if  the  sea  were  to  subside."* 

The  first  of  the  difficulties  above  alluded  to,  namely,  the  non-exten- 
Non  of  the  sbelres  orer  certain  parts  of  the  glens,  may  be  expbuned, 
aeiii.  Darwin  BUggestSibysupposingincertainplacesa quick  growth 
.  of  green  turf  on  a  good  soil,  which  prerented  the  rain  from  washing 
away  any  loose  materials  lying  on  the  surface.  But  wherever  the 
soil  was  barren,  and  where  green  sward  took  long  to  forto,  there  may 
*  "  Andcnt  Sea  Margins,"  p.  lll.,b7R  Chsmben. 
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tutve  been  time  for  the  removal  of  the  gravel.  In  one  case  &n  inter- 
mediate shelf  appears  for  a  short  distance  (three  qaartera  of  a  mite)  on 
the  face  of  the  mountain  called  Tombhran,  between  the  two  upper 
shelves,  and  is  seen  nowhere  else.  It  occurs  where  there  was  the  longest 
space  of  open  water,  and  where,  perhaps,  the  waves  acquired  a  greater 
than  ordinary  power  in  heaping  up  detritus. 

Next  as  to  the  precise  horiiontalitj  of  level  maintuned  bj  the 
parallel  roads  of  Lochaber  over  au  area  many  leagues  in  length  and 
breadth,  this  is  a  difficulty  common  in  some  degree  to  all  the  rival 
hypotheses,  whether  of  lakes,  or  glaciers,  or  of  the  simple  upheaval 
of  the  land  above  the  sea.  For  we  cannot  sappose  the  roads  to  be 
more  ancient  than  the  glacial  period,  or  the  era  of  the  boulder  form- 
ation of  Scotland,  of  which  I  shall  speak  in  the  eleventh  and  twelfth 
chapters.  Strata  of  that  era  of  marine  origin  containing  northern 
shells  of  existing  spedes  have  been  found  at  various  heights  in 
Scotland,  some  on  the  east,  and  others  on  the  west  coast,  from  20  to 
400  feet  high ;  and  in  one  region  in  Lanarkshire  not  less  than  524 
&et  above  high-water  mark.  It  seems,  therefore,  in  the  highest  degree 
improbable  that  Glen  Boy  should  have  escaped  entirely  the  upward 
movement  experienced  in  so  many  eurroonding  regions, — a  movement 
implied  by  the  position  of  these  marine  deposits,  in  which  the  shells 
are  almost  all  of  known  recent  spedes.  But  if  the  motion  has  really 
extended  to  Glen  Boy  and  the  contiguous  glens,  it  must  have  up- 
lifted them  bodily,  without  in  the  slightest  degree  affecting  their 
hoiizontality ;  and  this  being  admitted,  the  principal  objection  to  the 
theory  of  marine  beaches,  founded  ou  the  nniformity  of  upheaval,  is 
removed,  or  is  at  least  common  to  every  theory  hitherto  proposed. 

To  assume  that  the  ocean  has  gone  down  &om  the  level  of  the 
uppermost  sheU^  or  1250  feet,  simultaneously  all  over  the  globe, 
while  the  land  remained  unmoved,  is  a  view  which  will  find  favour 
with  very  few  geologists,  for  the  reasons  explained  in  the  fifth  chapter. 

Hie  student  will  perceive,  from  the  above  sketch  of  the  controversy 
respecting  the  formation  of  these  curious  shelves,  that  this  problem, 
like  many  others  in  geology,  is  as  yet  only  solved  in  part ;  and  that  a 
lai^er  number  of  facts  must  be  collected  and  reasoned  upon  befai« 
the  questioQ  con  be  finally  settled. 
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CHAPTER  Vm. 

CHBONOIXMHOii:.  CLASaiFIClTIOn  OF  ROOSB. 

AqoMnu,  plntonlc,  Tolcaaic,  tui  metamorpbic  roeki,  conmdered  chroiKiIogicBllj — 
Iidunftn*!  drririiKi  into  primittre  uid  teamitij — WerDci'B  addition  of  a  tmi- 
rition  cUm — Niptnniaii  theory  — HaKon  on  Igneom  origin  ofgraDtte — How 
the  iMme  of  primaij  vai  Hill  ratained  tor  gisnite —  "nut  tens  "  tranntian,''  *t^ 
fanl^ — Tlw  adheretiM  to  the  old  chioDolagical  nomenclatnro  letarded  tbe 
progntt  of  geology — New  hypotheds  inTeated  to  reconcile  the  igaeoiu  on^ 
of  granite  to  the  notion  of  its  high  anti^nitj  —  Explanation  of  the  chronological 
romenclature  adopted  In  tbi»  work,  lo  fiir  m  regardi  ptimatj,  secondaij,  and 
tertiary  period& 

In  tbe  first  chapter  it  wu  st&ted  tliat  the  ibnr  great  classes  or  rock;^ 
the  aqneooB,  the  volcanic,  the  pintoitic,  and  the  metamorphic,  wonld 
each  be  considered  not  only  in  reference  to  their  mineral  characters, 
and  mode  of  origin,  bat  also  to  their  relative  age.  In  regard  to  the 
aqneons  rocks,  we  have  already  eeen  that  they  are  stntiGed,  that 
some  are  calcareous,  others  argillaceous  or  siliceous,  some  made  np 
of  sand,  others  of  pebbles;  tliat  some  contain  freshwater,  others 
marine  fossils,  and  so  forth ;  hut  the  student  has  still  to  learn  which 
rocks,  exhibiting  soms  or  all  of  these  characters,  have  originated  at 
one  period  of  the  earth's  history,  and  whioh  at  another. 

To  determine  this  point  in  reference  to  the  fossiliferons  formatJMis 
is  more  easy  than  in  any  other  class,  and  it  is  therefore  the  most  con- 
venient and  natur*!  method  to  begin  by  establishing  a  chronology  for 
these  stnita,  and  then  to  refer  as  far  as  possible  to  the  same  divisions, 
the  several  groups  of  plntonic,  volcanic,  and  metamorphic  rvcks. 
Such  a  system  of  classiflcation  is  not  only  recommended  by  its  greater 
clearness  and  facility  of  application,  bnt  is  also  best  fitted  to  strike 
the  imagination  by  bringing  into  one  view  the  contemporaneous  revo- 
lations  of  the  inorganic  and  organic  creations  of  former  times.  For 
tbe  sedimentary  formations  are  most  readily  distinguished  by  the 
different  species  of  fossil  animals  and. plants  which  they  inclose, 
and  of  which  one  assemblage  after  another  has  flourished  and  then 
disappeared  from  the  earth  in  succession,  ■ 

Bnt  before  entering  specially  on  the  subdivisions  of  the  aqueous 
rocks  arranged  according  to  the  order  of  time,  it  will  be  desirable  to 
say  a  few  words  on  the  chronology  of  rocks  in  gmieral,  althou^  in 
doing  BO  we  shall  be  noavoidsbly  led  to  allude  to  some  classes  of 
phenomena  which  the  beginner  must  not  yet  expect  fully  to  com- 
prehend. 

It  was  for  many  years  a  received  opinion  that  the  formation  of 
entire  families  of  rocks,  such  as  the  plutonic  and  those  crystalline 
schists  spoken  of  in  the  first  chapter  as  metamorphic,  began  and 
ended  before  any  members  of  the  aqueous  and  volcanic  orders  were 
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produced;  and  altbongh  this  idea  has  long  been  modified,  and  ia 
nearly  exploded,  it  will  be  necessar?  to  give  some  account  of  the 
aocient  doctrine,  in  order  that  b^innen  may  undentand  whence 
many  pieTniling  opinions,  and  Bome  part  of  the  nomenclature  of 
geolt^,  BtUl  partially  in  use,  wad  derived. 

About  the  middle  of  the  last  century,  Lehman,  a  German  miner, 
proposed  to  divide  rodu  into  three  dames,  the  first  and  oldest  to  be 
called  primitive,  comprising  the  hypogene,  or  plutonic  and  ntetamor- 
phic  rodts;  the  next  to  be  termed  secoudary,  comprehending  the 
aqneooa  or  fossiliferona  strata ;  and  the  remainder,  or  tliird  dasSf 
corresptaiding  to  our  alluvium,  ancient  and  modern,  which  he  referred 
to  "  local  floods,  and  the  deluge  of  Noali."  In  the  primitive  class,  be 
said,  such  as  granite  and  gneiss,  there  are  no  organic  remains,  nor 
any  signs  of  materials  derived  from  the  ruina  of  pro-existing  roclcs. 
Their  origin,  therefore,  may  have  been  purely  chemical,  antecedent 
to  the  creation  of  living  beings,  and  probably  coeval  with  the  birth  of 
the  world  itself.  The  aecondory  formations,  on  tlte  contrary,  which 
often  contain  sand,  pebbles,  and  organic  remains,  must  have  been 
mectianioal  deposits,  prodnced  after  the  planet  had  become  the  habi- 
tation of  aninals  and  plants.  This  bold  genendization,  although  an- 
ticipated in  some  measure  by  Steno,  a  century  before,  in  Italy, 
formed  at  the  time  an  important  step  in  the  progress  of  geol<^,  and 
sketched  ont  correctly  sMne  of  the  leading  divisions  into  which  rocks 
may  be  separated.  About  half  a  century  later,  Werner,  so  jostly 
celebrated  for  his  improved  methods  of  discriminadBg  the  mineralo- 
gical  characters  of  rocks^  attempted  to  improve  Lehman's  cla8nflcati<»i, 
and  with  this  view  intercalated  a  class,  ealled  by  him  "  the  transition 
formations,*  between  tlie  primitive  and  secondary.  Between  these 
last  he  had  discoverod,  in  northern  Germany,  a  series  of  strata, 
which  in  their  miner*!  peculiarities  were  of  an  intermediate  character, 
partaking  in  some  degree  of  the  crystalline  nature  of  micaceous  schist 
and  clay-slate,  and  yet  exhibiting  here  and  thera  signs  of  a  mechani' 
cal  origin  and  organic  romains.  For  this  yroup,  therefore,  forming  a 
passage  between  Lehman's  primitive  and  secondary  rocks,  the  name 
oiubergang  or  transition  was  proposed.  Tliey  consisted  prindpally 
of  clay-slate  and  an  argillaceous  sandstone,  called  grauwacke,  and 
partly  of  calcareous  beds.  It  happened  in  the  district  which  Werner 
first  investigated,  that  t)otb  the  primitive  and  transition  strata  were 
highly  inclined,  while  the  beds  of  the  newer  fossiliferons  rocks,  the 
secondary  of  Lehman,  were  horiEontal.  To  these  latter,  tlierefore, 
he  gave  the  name  oi/iSte,  or  "  a  level  floor;"  and  every  deposit  more 
modem  than  the  chalk,  which  was  classed  as  the  uppermost  of  tlie 
flotc  series,  was  designated  "the  overflowed  land,*  an  expression  which 
may  be  regarded  as  equivalent  to  alluviam,  although  under  this  appel- 
lation were  confounded  all  the  strata  afterwards  called  tertiary,  of 
which  Werner  had  scarcely  any  'knowledge.  As  the  followers  of 
Werner  soon  discovered  that  the  inclined  position  of  the  "transition 
beds,"  and  the  horizontality  of  the  flotz,  or  newer  fossiliferons  strata, 
were  mero  local  accidents,  tbey  soon  abandoned  the  term  flotz ;  and 
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the  four  dirisions  of  the  Wernerian  school  were  then  Darned  primitiTe^ 
tranaition,  secondary,  and  alluviaL 

Aa  to  the  trappean  rocks,  although  their  igneous  origin  bad  been 
already  demonetrated  by  Arduino,  Fortis,  Faujaa,  and  others,  and 
especially  by  DeBmarest,  they  were  all  regarded  by  Werner  as  aqaeona, 
and  as  mere  subordinate  members  of  the  secondary  series.* 

This  theory  of  Werner's  was  called  the  "  Neptunian,"  and  for  many 
years  enjoyed  much  popularity.  It  assumed  that  the  globe  had  been 
at  first  invested  by  an  universal  chaotic  ocean,  holding  the  materials 
of  all  rocks  in  solution.  From  the  waters  of  this  ocean,  granite, 
gneiss,  and  other  crystalline  formationa,  were  first  precipitated  ;  and 
afterwards,  when  tlie  waters  were  purged  of  these  ingredients,  and 
more  nearly  resembled  those  of  our  actual  seas,  the  transidon  strata 
were  deposited.  These  were  of  a  mixed  character,  not  purely  che- 
mical, because  the  waves  and  currents  had  already  begun  to  wear 
down  solid  land,  and  to  give  rise  to  pebbles,  sand,  and  mud ;  nor  en- 
tirely  without  fossils,  becaase  a  few  of  the  first  marine  animals  had 
begun  to  exist.  AStei  this  period,  the  secondary  formations  were 
accumulated  in  waters  resembling  those  of  the  present  ocean,  except 
at  certain  intervals,  when,  from  causes  wholly  unexplained,  a  partial 
recurrence  of  the  "  chaotic  fluid  "  took  plac«,  during  which  variotu 
trap  rocks,  some  highly  crystalline,  were  formed.  This  arbitrary 
hypothesis  r^ected  all  intervention  of  igneous  agency,  volcanos  being 
regarded  as  modern,  partial,  and  superficial  accidents,  of  trifling 
account  among  the  great  causes  which  have  modified  the  external 
structure  of  the  globe. 

Iileanwhile  Hutton,  a  contemporary  of  Werner,  began  to  teach,  in 
Scotland,  that  granite  as  well  as  trap  was  of  igneous  origin,  and  had 
at  varions  periods  intruded  itself  in  a  fluid  state  into  different  parte  of 
the  earth's  crust  He  recognized  and  ftuthfully  described  many  of  the 
phenomena  of  granitic  veins,  and  the  alterations  produced  by  them 
on  the  invaded  strata,  which  will  be  treated  of  in  the  thirty-third 
chapter.  He,  moreover,  advanced  the  opinion,  that  the  crystalline 
strata  called  primitive  had  not  been  precipitated  from  a  primnval 
ocean,  but  were  sedimentary  strata  altered  by  heat.  In  his  writings 
therefore,  and  in  those  of  his  illustrator,  Playfair,  we  find  the  germ 
of  that  metamorphio  theory  which  has  been  already  hinted  at  in  the 
lirst  chapter,  and  which  will  be  more  fully  expounded  in  the  thirty- 
fourth  and  thirty-flfth  chapters. 

At  length,  after  much  controversy,  the  doctrine  of  the  igneous 
origin  of  trap  and  granite  made  its  way  into  general  favour ;  but 
although  it  was,  in  consequence,  admitted  that  both  granite  and  trap 
had  been  produced  at  many  successive  periods,  the  term  primitive  or 
primary  still  continued  to  be  applied  to  the  crystalline  fonnationt 
in  general,  whether  stratified,  like  gneiss,  or  unstratified,  like  granite. 
The  pupil  was  told  that  granite  was  a  primary  rock,  but  t3iat  some 
granites  were  newer  than  certun  secondary  formations  i  and  in  con- 

•  See  Principles  of  Goology,  vol.  i.  chap.  ir. 
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fbrmitf  with  the  spirit  of  the  ancient  langn&ge,  to  which  the  teacher 
iras  BtiU  determiaed  to  adhere,  >  desire  was  naturally  engendered  of 
extenuating  the  importance  of  those  more  modem  granites,  the  true 
dales  of  which  new  observations  were  continnallj  bringing  to  lighL 

A  no  lesa  decided  inclination  was  shown  to  persist  in  the  use  of 
the  term  "transition,"  after  it  had  been  proved  to  be  ahnost  as 
fkultj  in  its  original  application  as  that  of  flotz.  The  name  of 
transition,  as  already  stated,  was  first  given  by  Werner,  to  designate 
a  mineral  character,  intermediate  between  the  highly  crystalline  or 
metamorphic  state  and  that  of  an  ordinary  fossiliferous  rock.  But 
the  term  acqaired  also  from  the  first  a  cbronolc^cal  import,  because 
it  had  been  appropriated  to  sedimentary  formations,  which,  in  the 
HarUs  and  other  parts  of  Germany,  were  more  ancient  than  the 
oldest  of  the  secondary  series,  and  were  characterized  by  peculiar 
fossil  zoophytes  and  shells.  When,  therefore,  geologists  found  in 
other  districts  stratified  rocks  occupying  the  same  position,  and 
inclosing  similar  fossils,  they  gave  to  them  also  the  name  of  Iran- 
li&m,  according  to  rules  which  will  be  explained  in  the  next 
chapter ;  yet,  in  many  coses,  such  rocks  were  found  not  to  exhibit 
the  same  mineral  texture  which  Werner  had  called  transition.  On 
the  contrary,  many  of  them  were  not  more  crystalline  than  di^rent 
monbers  of  the  secondary  class;  while,  on  the  other  hand,  these 
last  were  sometimes  found  to  assume  a  semi -crystalline  and  almost 
metamorphic  aspect,  and  thus,  on  lithological  grounds,  to  deserve 
equally  the  name  of  transition.  So  remarkably  was  this  the  case  in  * 
the  Swiss  Alps,  that  certain  rocks,  which  had  for  years  been  regarded 
by  some  of  the  most  skilful  disciples  of  Werner  to  be  transition,  were 
at  last  acknowledged,  when  their  relative  position  and  fossils  were 
better  understood,  to  belong  to  the  newest  of  the  secondary  groups  ; 
nay,  some  of  them  have  actually  been  discovered  to  be  members  of 
the  lower  tertiary  series  I  li^  under  such  circumstances,  the  name  of 
tninsitioa  was  retained,  it  is  clear  that  it  ought  to  have  been  applied 
-without  reference  to  the  age  of  strata,  and  simply  as  expressive  of  a 
mineral  pecnliarity.  The  continued  appropriation  of  the  term  to 
formations  of  a  given  date,  indnced  geologists  to  go  on  believing  that 
the  ancient  strata  so  designated  bore  a  less  resemblance  to  the 
secondary  than  is  really  the  case,  and  to  imagine  that  these  last  never 
pass,  as  they  frequently  do,  into  metamorphic  rocks. 

"Vba  poet  Waller,  when  lamenting  over  the  antiquated  style  of 
Chaucer,  compluns  that  — 


Bat  tbe  reverse  is  true  in  geology ;  for  here  it  is  our  work  which 
eon^ually  outgrows  the  language.  The  tide  of  observation  advances 
with  such  speed  that  improvements  in  theory  outrun  the  changes  of 
nomenclature;  and  the  attempt  to  inculcate  new  truths  by  words 
invented  to  express  a  difierent  or  opposite  opinion,  tends  constantly. 
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bj  the  force  of  usociation,  to  perpetuate  error;  bo  that  dogmas 
renounced  hy  tbe  reason  still  retain  &  strong  bold  upon  the  imj^- 
nation. 

In  order  to  reconcile  the  old  chronolt^ical  views  witb  the  nev 
doctrine  of  the  igneoas  origin  of  gntoit«,  the  fallowing  h;^potheflia 
was  Bubstitnted  for  that  of  the  Neptunists.  InBtead  of  banning 
with  an  aqueous  menstruum  or  chaotic  fluid,  the  materials  of  the 
present  cruat  of  the  earth  were  supposed  to  have  been  at  first  in  a 
stale  of  igneous  fusion,  until  part  of  the  heat  having  been  diffused 
into  surrounding  space,  the  surface  of  the  fluid  ccmsolidated,  and 
formed  a  crust  of  gruiite.  This  covering  of  crystallinQ  stone^  which 
afterwards  grew  thicker  and  thicker  as  it  cooled,  was  so  hot,  at  first, 
that  no  water  could  exist  upon  it;  but-as  the  refrigeration  pro- 
ceeded, the  aqueons  vapour  in  the  atmosphere  was  condensed,  and, 
falling  in  rain,  gave  rise  to  the  first  thermal  ocean.  So  high  was  tbe 
temperUure  of  this  bailing  sea,  that  no  aquatic  beings  could  inhabit 
its  waters,  and  its  deposits  were  not  onlj'  devoid  of  fossils,  but,  like 
those  of  some  hot  springs,  were  highly  crystalline.  Hence  the 
origin  of  tbe  primary  or  crTstalline  strata, — gneiss,  mica^cbis^  and 
the  rest. 

Afterwards,  when  the  granitic  cmst  had  been  parUallj  broken  op, 
land  and  monntuns  began  to  rise  above  the  waters,  and  rains  and 
torrents  to  grind  down  rock,  so  that  sediment  was  spread  over  tbe 
bottom  of  the  seas.  Tet  the  heat  still  remaioiag  in  the  solid 
•  Bupporting  substancee  was  sufficient  to  increase  the  chemical  action 
exerted  by  the  water,  although  not  so  intense  as  to  prevent  the  intro- 
duction and  increase  of  some  living  beioga.  During  this  state  of 
things  some  of  the  residuary  mineral  ingredients  of  tbe  prinueval 
ocean  were  precipitated,  and  formed  deposits  (the  transition  strata 
of  Werner),  half  chemical  and  half  mecl^uical,  and  containing  a  few 
fossils. 

By  this  new  theory,  which  was  in  part  a  revival  of  the  doctrine  of 
Leibnitz,  published  in  1680,  on  the  igneous  origin  of  the  planet,  the 
old  ideas  respecting  the  priority  of  all  crystalline  rocks  to  the  creation 
of  organic  beings,  were  still  preserved ;  and  the  mbtaken  notion  that 
all  the  semi-crystalline  and  partially  fossiiiferous  rocks  belonged  to 
one  period,  while  all  the  earthy  and  nncrystalline  formations  ori^u- 
sted  at  a  subsequent  epoch,  was  also  perpetuated. 

It  may  or  may  not  be  tru^  as  tbe  great  Leibnita  imagined,  that 
the  whole  planet  was  once  in  a  state  of  liquefaction  by  heat ;  but 
there  are  certiunly  no  geological  proolb  that  the  granite  which  con- 
stitutes the  foundation  of  so  much  of  the  earth's  crust  was  ever  at  once 
in  a  state  of  universal  fusion.  Od  the  contrary,  all  our  evidence 
tends  to  show  that  the  fonnation  of  granite,  like  the  deposition  of 
the  stratified  rocks,  has  been  successive,  and  that  difierent  portions  of 
granite  have  been  in  a  melted  state  at  distinct  and  often  distant 
periods.  One  mass  was  solid,  and  bad  been  fractured,  before  another 
body  of  granitic  matter  was  injected  into  it,  or  throngh  it,  in  the  form 
of  veins.   Some  granites  are  more  ancient  than  any  known  fossiliferooa 
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rocke ;  others  ue  of  ■econdar)' ;  and  some,  each  as  that  of  Mont 
Blanc  and  part  of  tbe  central  &xia  of  the  Alps,  of  tertiar;  origin.  In 
short,  the  universal  flaidlt^  of  the  crystfjline  foundations  of  the 
earth's  crust,  can  only  be  understood  in  the  same  sense  as  the  nni- 
Teraalitf  of  the  andent  ocean.  All  the  land  has  been  under  water, 
but  not  all  at  <we  time ;  so  all  the  subterranean  unstrmtified  rocks  to 
which  man  can  obtain  access  havo  been  melted,  but  not  simulta- 
seooslj. 

In  the  present  work  tbe  four  great  classes  of  rocks,  the  aqueous, 
plntonic,  volcanic,  and  metamorphic,  will  form  four  parallel,  or 
nearly  parallel,  columns  in  one  chronological  table.  They  will  be 
considered  as  four  sets  of  monuments  relating  to  four  contempo- 
raneoQS,  or  nearly  contemporaneous,  series  of  events.  I  shall  en- 
deavour, in  a  Bubseqnent  chapter  on  the  plutonic  rocks,  to  explain 
the  manner  in  which  certain  masses  belonging  to  each  of  the  four 
dassea  of  rooks  may  have  originated  simultaneously  at  every  geolo- 
gical period,  and  how  the  earth's  crust  may  have  been  continDally 
remodelled,  above  and  below,  by  aqueous  and  igneous  causet^  from 
times  indeAnitely  remote.  In  the  same  manner  as  aqueous  and 
fosstli&rous  strata  are  now  formed  in  certain  eeas  or  lakes,  while  in 
other  places  volcanic  rocks  break  out  at  the  surface,  and  are  con- 
nected with  reservoirs  of  melted  matter  at  vast  depths  in  the  bowels 
of  the  earth,  — >  so,  at  every  era  of  the  past,  fossiliferous  deposits  and 
superficial  igneous  rocks  were  in  progress  contemporaneously  with 
others  of  Bubterronean  and  plutonic  origio,  and  some  sedimentary  - 
strata  were  exposed  to  heat,  and  made  to  asBome  a  crystalline  or 
metamorphic  structure. 

It  can  by  no  means  be  taken  for  granted,  that  during  all  these 
changes  the  solid  crust  of  the  earth  has  been  increasing  in  thickness. 
It  has  been  shown,  that  lo  far  as  aqueous  action  is  concerned,  the 
giun  by  {tfxh  deposits,  and  the  loss  by  denudation,  must  at  each 
period  have  been  equal  (see  above,  p.  68.);  and  in  like  manner,  in 
the  inferior  portion  of  tbe  earth's  crusty  the  acquisition  of  new  crys- 
talline rocks,  at  each  successive  era,  may  merely  have  counter- 
baUnced  the  loss  sustained  by  the  melting  of  materials  previously 
consolidated.  As  to  the  relative  antiquity  of  the  crystalline  found- 
ations of  tbe  earth's  crust,  when  compared  to  the  fossiliferous  and 
▼olcanic  rocks  which  they  support,  I  have  abeady  stated,  in  tbe  first 
chapter,  tbat  to  pronounce  an  opinion  on  this  matter  is  as  difficult  as 
ftt  once  to  decide  which  of  the  two,  whether  tbe  foundations  or  super- 
structure of  an  ancient  city  built  on  wooden  piles,  may  be  the  oldest. 
We  have  seen  that^  to  answer  this  question,  we  must  first  be  prepared 
to  say  whether  the  work  of  decay  and  restoration  had  gone  on  most 
rapidly  above  or  below ;  whether  the  average  duration  of  the  piles  has 
exceeded  that  of  the  stone  buildings,  or  tiie  contrary.  So  also  in 
regard  to  the  relative  age  of  the  snperior  and  inferior  portions  of  the 
earth's  crust;  we  cannot  hazard  even  a  conjecture  on  this  point, 
until  we  know  whether,  upon  an  average,  the  power  of  water  abov^ 
or  that  of  heat  below,  is  most  efficacious  in  giving  new  forma  to  solid 
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After  the  obserratioDs  which  have  now  been  made,  the  reader  will 
perceive  that  the  term  primary  most  either  be  entirely  renoui»;ed,  or, 
if  retained,  must  be  differenUj  defined,  and  not  made  to  deaignate  a 
set  of  crystalline  rocks,  some  of  which  are  already  ascertained  to  be 
newer  than  all  the  secondary  fonnationa.  In  this  work  I  shall  follow 
most  nearly  the  method  proposed  by  Mr.  Bon^  who  has  called  all 
fotuUftTouM  rocks  older  than  the  secondary  by  tiie  name  of  primary. 
To  prevent  confusion,  I  shall  sometimes  speak  of  these  last  aa  tlu 
primary  fottiiiferou*  formations;  because  the  word  primary  has 
hitherto  been  most  generally  connected  with  the  idea  of  a  non- 
fossiliferons  rock.  Some  geologists,  to  avoid  misapprehension,  have 
introduced  the  term  Paleozoic  for  primary,  ftom  ToXaiov,  "  ancient," 
and  H'-x'v,  "  an  organic  being,"  still  retaining  the  terms  secondary  and 
tertiary;  Mr.  Phillips,  for  the  sake  of  nniformity,  has  proposed 
Mesozoic,  for  secondary,  from  /icaot,  "  middle,"  he. ;  and  Cainozoic,  for 
tertiary,  from  Kairoc,  "  recent,"  &c. ;  but  the  terms  primary,  secondary, 
and  tertiary  are  synonymons,  and  have  the  claim  of  piiority  in 
their  favonr. 

If  we  can  prove  any  plutonic,  volcanic,  or  metamorphic  rocks  to  be 
older  than  the  secondary  formations,  aach  rocks  will  also  be  primary, 
according  to  this  system.  Mr.  Bond  having  vrith  propriety  ex- 
claded  the  metamorphic  rocks,  at  a  clou,  from  the  primary  fmn- 
ations,  proposed  to  call  them  all  "  crystalline  schists." 

Aa  there  are  secondary  fossiliferous  strata,  so  we  shall  find  that 
there  are  plutonic,  volcanic,  and  metamorphic  rocks  of  contempora- 
neous origin,  which  I  shall  also  term  secondary. 

In  the  next  chapter  it  will  be  shown  that  the  strata  above  the 
chalk  have  been  called  tertiary.  If,  therefore,  we  discover  any  vol- 
canic, plutonic,  or  metamorphic  rocks,  which  have  originated  since 
the  deposition  of  the  chalk,  these  also  will  rank  as  tertiary  form- 
ations. 

It  may  perhaps  be  suggested  that  some  metamorphic  strata,  and 
some  granites,  may  be  anterior  in  date  to  the  oldest  of  the  primary 
fossiliferoua  rocks.  This  opinion  ia  doubtless  true,  and  will  be  dis- 
cussed in  future  chapters;  but  I  may  here  observe,  that  when  we 
arrange  the  four  classes  of  rocks  in  four  parallel  columns  in  one  table 
of  chronology,  it  is  by  no  meona  asaumed  that  these  columns  are  all 
of  equal  length  ;  one  may  begin  at  an  earlier  period  than  the  rest,  and 
anoUier  may  come  down  to  a  later  point  of  time.  In  the  snail  part 
of  the  globe  hitherto  examined,  it  is  hardly  to  be  expected  that  we 
shonld  have  discovered  either  die  oldest  or  the  newest  members  of 
each  of  the  four  classes  of  rocks.  Thus,  if  there  be  primary,  second- 
ary, and  tertiary  rocks  of  the  aqueous  or  fossiliferous  class,  and  in 
like  manner  primary,  secondary,  and  tertiary  hypogene  formations, 
we  may  not  be  yet  acquainted  with  the  most  ancient  of  the  primary 
fosgiliferouB  beds,  or  with  the  newest  of  the  hypogene. 
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CHAPTER  IX. 

ON  THI  DirFERBNT  AQES  OF  THE  AQDEOTTS  ROCKS. 

Ob  the  three  principal  te«u  of  rdatire  age — nperpomdoti,  miDersl  duncto-  uid 
foMOi-^Change  (^  minenl  chAncter  ind  fb«^  in  tlie  tuna  continnoni  fonus- 
tian — FT00&  that  diKinct  «peci«a  of  animal*  and  plants  baTs  lived  at  racccMlT* 
petiodi — Diatinct  province*  of  indigenoni  species  —  Great  extant  of  single  pro- 
Tinces — Kjuilar  laws  preyailed  at  succesuTe  geological  perioda  — KelaliTs 
importance  of  minenl  and  pataontological  characters— Teat  of  age  b;  included 
fragments — Freqnent  absence  of  strata  of  inteirenlng  perioda — Principal  gronpa 


Lr  the  last  chapter  1  spoke  genemlly  of  the  chronolt^ical  relationa  of 
the  foar  great  classes  of  rocks,  and  I  shall  now  treat  of  the  aqueous 
rocks  in  particular,  or  of  the  successive  periods  at  which  the  different 
fossiliferous  formations  hare  been  deposited. 

There  are  three  principal  tests  by  which  we  determine  the  age  of 
a  given  set  of  strata;  firsts  superposition;  secondly,  mineral  cha- 
racter ;  and,  thirdly,  organic  remains.  Some  aid  can  occasionally  be 
derived  from  a  fourth  kind  of  proof,  namely,  the  fact  of  one  deposit 
including  in  it  fragments  of  a  pre-existing  rock,  by  which  the  illa- 
tive ages  of  the  two  may,  even  in  the  absence  of  all  other  evidence, 
be  determined. 

SuperpotUion. — The  first  and  principal  test  of  the  age  of  one 
aqueous  deposit,  as  compared  to  another,  is  relative  position.  It  has 
been  already  stated,  that,  where  strata  are  horizontal,  the  bed  which 
lies  Dppennost  is  the  newest  of  the  whole,  and  that  which  lies  at  the 
bottom  the  most  ancient.  So,  of  a  series  of  sedimentary  formations, 
they  are  like  volames  of  history,  in  which  each  writer  has  recorded 
the  annals  of  his  own  times,  and  then  laid  down  the  book,  with  the 
last  written  page  uppermost,  npon  the  volume  in  which  the  evenU  of 
the  era  immediately  precading  were  commemorated.  In  this  manner 
a  lofty  pile  of  chronicles  is  at  length  accumulated ;  and  they  are  so 
arranged  as  to  indicate,  by  their  position  alone,  the  order  in  which 
the  events  recorded  in  them  have  occurred. 

In  regard  to  the  crust  of  the  earth,  however,  there  are  some  re- 
gions where,  as  the  student  has  already  been  informed,  the  beds  have 
been  disturbed,  and  sometimes  extensively  thrown  over  and  tnmed 
upside  down.  (See  pp.  68,  69.)  But  an  experienced  geologist  can 
rarely  be  deceived  by  these  exceptional  cases.  When  he  finds  that 
the  strata  are  fractured,  curved,  inclined,  or  vertical,  he  knows  that 
the  original  order  of  superposition  must  bo  doubtful,  and  he  then 
endeavours  to  find  sections  in  some  neighbouring  district  where  the 
strata  are  boriEontal,  or  only  slightly  inclined.  Here,  the  true  order 
of  seqaence  of  the  entire  series  of  deposits  being  ascertained,  a  key  is 
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furnished  for  eettling  the  chronology  of  thoee  straU  when  the  dis- 
pUcement  is  extreme. 

Mineral  character.  — The  Kune  roclu  may  oAea  be  obeerred  to 
retain  for  milea,  or  even  hundreds  of  miles,  the  sune  mineral  pecn- 
liaritiee,  if  we  follow  the  pUnes  of  strMificatioii,  or  tntoe  the  beds,  if 
the;  be  undisturbed,  in  a  horizontal  direction.  Bat  if  we  pnraue 
them  rerticallf,  or  in  any  direction  transverse  to  the  planes  of  strad- 
fication,  this  uniformity  ceases  almost  immediately.  In  that  case  we 
can  scarcely  ever  penetrate  a  stratified  mass  for  a  few  hundred  yards 
without  beholding  a  sncceBsion  of  extremely  dissimilar  locia,  some  of 
fine,  others  of  coarse  grain,  some  of  mechanical,  others  of  chemical 
origin ;  some  calcareous,  others  argillaceous,  and  others  siliceous. 
These  phenomena  lead  to  the  conclnston,  that  rivers  and  currenta 
have  dispersed  the  same  sediment  over  wide  areas  at  one  period,  but 
at  successive  periods  have  been  charged,  in  the  same  region,  witlL 
very  difiereut  kinds  of  matter.  The  first  observers  were  so  astonished 
at  Uie  vast  spaces  over  which  they  were  able  to  follow  the  same  htmo- 
geueous  rocks  in  a  horizontal  direction,  that  they  came  hastily  to  the 
opinion,  that  the  whole  globe  had  been  environed  by  a  successioo  of 
distinct  aqueous  formations,  disposed  round  the  nucleus  of  the  planet, 
like  the  ooncentric  coats  of  an  onion.  Bat  although,  in  fact,  some 
formations  may  be  continuous  over  districts  as  large  as  half  of  Europe, 
or  evenmore,  yet  most  of  them  either  terminate  wholly  within  narrower 
limits,  or  soon  change  their  lithological  character.  Sometimes  they 
thin  out  gradually,  as  if  the  supply  of  sediment  had  failed  in  that 
direcUon,  or  they  come  abmptly  to  an  end,  as  if  we  had  arrived  at  the 
borders  of  the  ancient  sea  or  lake  which  served  as  their  receptacle. 
It  no  less  frequently  happens  that  they  vary  in  mineral  aspect  and 
composition,  aa  we  pursue  them  horizontally.  For  example,  we  trace 
a  limestone  for  a  hundred  miles,  until  it  becomes  more  arenaceous, 
and  finally  passes  into  sand,  or  sandstone.  We  may  then  follow  thia 
sandatone,  already  proved  by  its  continuity  to  be  of  the  same  age, 
throughout  another  district  a  hundred  miles  or  more  in  length. 

Organic  remains. — This  character  must  be  used  aa  a  criterion  of 
the  age  of  a  formation  or  of  the  contemporaneous  origin  of  two 
deposits  in  distant  places,  under  very  much  the  same  restrictions  U 
the  test  of  mineral  composition. 

First,  the  same  fossils  may  be  traced  over  wide  regions,  if  we 
examine  strata  in  the  direction  of  their  planes,  although  by  no  means 
for  indefinite  distances. 

Secondly,  while  the  same  fossils  prevail  in  a  particular  set  of 
strata  for  hundreds  of  miles  in  a  horizontal  direction,  we  seldom  meet 
with  the  same  remains  for  many  fathoms,  and  very  rarely  for  several 
hundred  yards,  in  a  vertical  line,  or  a  line  transverse  to  the  strata. 
This  fact  has  now  been  verified  in  almost  all  parts  of  the  globe,  and 
has  led  to  a  conviction,  that  at  successive  periods  of  the  past,  the 
same  area  of  land  and  water  has  been  inhabited  by  species  of  animals 
and  plants  even  more  distinct  than  those  which  now  people  the  anti- 
podes, or  which  now  co-exist  in  the  arctic,  temperate,  and  tropical 
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zones.  It  appe&n,  tlut  &om  the  remotest  periods  there  has  been 
ever  a  coming  in  of  new  oi^anic  forms,  snd  on  extinction  of  tboM 
which  pre-existed  on  the  earth  ;  some  species  having  endured  for  a 
longer,  others  for  a  shorter,  time  ;  while  none  hxre  ever  re-appeared 
after  once  dying  out.  The  law  which  has  governed  the  creation  and 
,  extinction  of  species  seems  to  be  expressed  in  the  verse  of  the 
poet,— 

Xatnra  Q  fees,  e  poi  mppe  Is  itunpa.        Abiosto. 

Nittore  made  him,  uid  Ihen  hroke  the  die. 

And  this  drcamstance  it  is,  which  confers  on  fossils  their  highest 
value  as  ohnmoli^CB]  tests,  giving  to  eaoh  of  them,  in  the  eyes  of 
the  geol<^tst,  that  authority  which  belongs  to  contemporary  medals 
in  history. 

The  same  cannot  be  said  of  each  peculiar  variety  of  rock;  for 
some  of  these,  as  red  marl  and  red  sandstone,  for  example,  may 
occur  at  once  at  the  top,  bottom,  and  middle  of  the  entire  sedi- 
inent«7  series;  exhibiting  in  each  position  so  perfect  an  identity  of 
mineral  aspect  as  to  be  nndistinguishable.  Such  exact  repetitions, 
however,  of  the  same  mixtures  of  sediment  have  not  often  been  pro- 
duced, at  distant  periods,  in  precisely  the  same  parts  of  the  globe ; 
«nd,  even  where  this  has  happened,  we  are  seldom  in  any  danger  of 
confounding  together  the  monuments  of  remote  eras,  when  we  have 
fltndied  their  imbedded  fossils  and  their  relative  position. 

It  was  remarked  that  the  same  species  of  organic  remains  cannot 
be  traced  horizontally,  or  in  the  direction  of  the  planes  of  strati- 
fication for  indefinite  distances.  This  might  have  been  expected 
from  analogy ;  for  when  we  inquire  into  the  present  distribution  of 
living  beings  we  find  that  the  habitable  surface  of  the  sea  and  land 
may  be  divided  into  a  considerable  number  of  distinct  provinces, 
each  peopled  by  a  peculiar  assemblage  of  animab  and  plants.  In  the 
Principles  of  Geology,  I  have  endeavoured  to  point  out  the  extent 
and  probable  origin  of  these  separate  divisions ;  and  it  was  shown 
that  climate  is  only  one  of  many  causes  on  which  they  depend,  and 
that  difference  of  longitude  as  well  as  latitude  is  generally  accom- 
panied by  a  dissimilarity  of  indigenous  species. 

As  different  seas,  therefore,  and  lakes  are  inhabited,  at  the  same 
period,  by  difierent  aquatic  animals  and  plants,  and  as  the  lands  ad- 
joining these  may  be  peopled  by  distinct  terrestrial  species,  it  follows 
that  distinct  fossils  will  be  imbedded  in  contemporaneous  deposits. 
If  it  were  otherwise — if  the  same  species  abounded  in  every  climate, 
or  in  everr  part  of  the  globe  where,  so  far  as  we  can  discover,  a 
corresponding  temperature  and  other  conditions  favourable  to  their 
existence  are  found  —  the  identification  of  mineral  masses  of  the 
same  age,  by  means  of  their  included  organic  contents,  would  be  a 
matter  of  stili  greater  certainty. 

Nevertheless,  the  extent  of  some  single  zoological  provinces,  espe- 
eially  those  of  marine  animals,  is  very  great ;  and  our  geological 
researches  have  proved  that  the  same  laws  prevailed  at  remote 
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periods ;  for  the  fowils  are  often  identical  tliroaghout  wide  spaces,  and 
in  detaclied  deposits,  coDsisting  of  rocks  vaiTing  eatireiy  in  tbeir 
mineral  nature. 

Tlie  doctrine  Iiere  laid  down  will  be  more  readily  understood,  if  we 
reflect  on  wliat  is  now  going  on  in  the  Mediterranean.  That  entire 
sea  may  be  conudered  as  one  zoological  province ;  for  althongh  certain 
species  of  testacea  and  soophytes  may  be  very  local,  and  each  r^on 
lias  probably  some  species  peculiar  to  it,  stJU  a  considerable  number 
are  common  to  the  whole  Mediterranean.  If,  therefore,  at  some 
fatnre  period,  the  bed  of  this  inland  sea  should  be  converted  into  land, 
the  geologist  might  be  enabled,  by  reference  to  organic  remains,  to 
prove  the  contemporaneous  origin  of  various  mineral  masses  scattered 
over  a  space  eqaal  in  area  to  half  of  Europe. 

Deposits,  for  example,  are  well  known  to  be  now  in  progress  in  tliis 
sea  in  the  deltas  of  the  Fo,  Rhone,  Nile;  and  other  rivers,  which  differ 
as  greatly  from  each  other  in  the  nature  of  their  sediment  as  does  the 
composition  of  tlie  mountains  which  they  drain.  There  are  also  other 
qauters  of  the  Mediterranean,  as  off  the  coast  of  Campania,  or  near 
the  base  of  Etna,  in  Sicily,  or  in  the  Grecian  Arcliipelago,  where 
another  class  of  rocks  is  now  forming  j  where  showers  of  volcanic 
ashes  occasionally  fall  into  the  sea,  and  streams  of  lava  overflow  its 
bottom ;  and  where,  in  the  intervals  between  volcanic  eruptions,  beds 
of  sand  and  elay  are  frequently  derived  from  the  waste  of  cliffs,  <x 
the  turbid  waters  of  rivers.  Limestones,  moreover,  such  as  the  Italian 
travertins,  are  here  and  there  precipitated  from  the  waters  of  mineral 
springs,  some  of  which  rise  up  from  the  bottom  of  the  sea.  In  all 
these  detached  formadoas,  so  diTersified  in  their  litbological  cha- 
racters, the  remains  of  the  same  aheDs,  conds,  Crustacea,  and  fish  are 
becoming  inclosed;  or,  at  least,  a  sufficient  numbu  mast  be  common 
to  the  diSerent  localities  to  enable  the  zool<%t8t  to  refer  them  all  to 
one  contemporaneous  assemblage  of  species. 

There  are,  however,  certain  combinations  of  geographical  circom- 
stances  which  cause  distinct  provinces  of  animals  and  plants  to  be 
aeparated  from  each  other  by  very  narrow  limits;  and  hence  it  must 
happen,  that  strata  will  be  sometimes  formed  in  contignons  regions, 
differing  widely  both  in  mineral  contents  and  organic  renuuns.  Thna, 
for  example,  tiiB  testaCes,  zoophytes,  and  flsh  of  the  Red  Sea  are,  as 
a  group,  extremely  distinct  from  those  inhabiting  the  adjoining  parts 
of  the  Mediterranean,  although  the  two  seas  are  separated  only  by 
the  narrow  isthmus  of  Sues.  Of  ibe  bivalve  shells,  according  to 
Philippi,  not  more  than  a  fifth  are  osmmon  to  the  Bed  Sea  and  the 
sea  around  Sicily,  while  the  proportion  of  univalves  (or  Grasteropoda) 
is  still  smaller,  not  exceeding  eighteen  in  a  hundred.  Calcareous 
formations  have  accumulated  on  a  great  scale  in  the  Red  Sea  in 
modem  times,  and  fossil  shells  of  existing  species  are  well  preserved 
therein  ;  and  we  know  that  at  the  mouth  of  the  Nile  large  deposits 
of  mud  are  amassed,  including  the  remains  of  HecUterranean  species- 
It  follows,  therefore,  that  if  at  some  future  period  the  bed  of  the 
Bed  Sea  should  be  laid  dry,  the  geologist  might  experience  great 
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difficulties  in  endeaTooring  to  ascertun  the  reluire  age  of  these 
formations,  which,  although  dissimilar  both  in  organic  and  mineral 
characters,  were  of  aynchroQons  origin. 

But,  on  the  ott)er  hand,  we  most  not  forget  that  the  north-western 
shores  of  the  Arabian  Gulf,  the  plains  of  Egypt,  and  the  isthmus  of 
Suez  are  all  parts  of  one  province  of  terrtstrial  species.  Small 
Streams,  therefore,  occasional  land-floods,  and  those  winds  which  drift 
clouds  of  sand  along  the  deserts  might  cany  down  into  the  Red  Sea 
the  same  shells  of  fluviatile  and  land  t«stacea  which  the  Nile  is 
sweeping  into  its  delta,  together  with  some  remains  of  terrestrial 
plants  and  the  bones  of  quadrupeds,  whereby  the  groups  of  strata, 
before  alluded  to,  might,  notwithstanding  the  discrepancy  of  their 
mineral  composition  and  marine  organic  fossils,  be  shown  to  have 
belonged  to  the  same  epoch. 

Tet  while  rivers  may  thus  carry  down  the  same  fluriatile  and 
terrestrial  spoils  into  two  or  more  seas  inhabited  by  different  marine 
Bpedes,  it  will  much  more  frequently  happen^  that  the  co-existence 
of  terrestrial  species  of  distinct  zoological  and  botanical  provinces 
will  be  proved  by  the  identity  of  the  marine  beings  which  inhabited 
the  intervening  space.  Thus,  for  example,  the  land  quadrupeds  and 
shells  of  the  south  of  Europe,  north  of  Africa,  and  north-west  of 
Asia  differ  considerably,  yet  their  remains  are  all  washed  down  by 
rivers  flowing  from  these  three  countries  into  the  Mediterranean. 

In  some  parts  of  the  globe,  at  the  present  period,  the  line  of 
demarcation  between  distinct  provinces  of  animals  and  plants  is  not 
very  strongly  marked,  especially  where  the  change  is  detennined  by 
tranperature,  as  it  is  in  seas  extending  from  the  temperate  to  the  tropical 
zone,  or  from  the  temperate  to  the  arctic  regions.  Here  a  gradual 
pasBi^  takes  place  from  one  set  of  species  to  another.  In  like 
manner  the  geol(^;ist,  in  studying  particular  formations  of  remote 
periods,  has  sometimes  been  able  to  trace  the  gradation  from  one 
ftncient  province  to  another,  by  observing  carefully  the  fossils  of  all 
the  intermediate  places.  His  success  in  thus  acquiring  a  knowledge 
of  the  zoological  or  botanical  geography  of  very  distant  eras  has  been 
mainly  owing  to  this  circumstance,  that  the  mineral  character  has  no 
tendency  to  be  affected  by  climate.  A  large  river  may  convey 
yellow  or  red  mud  into  some  part  of  the  ocean,  wher^  it  may  be 
dispersed  by  a  current  over  an  area  several  hundred  leagues  in 
length,  so  as  to  pass  from  the  tropics  into  the  t«mperate  zone.  If 
the  bottom  of  the  sea  be  afterwards  upraised,  the  organic  remains 
imbedded  in  such  yellow  or  red  strata  may  indicate  the  different 
animals  or  plants  which  once  inhabited  at  the  same  time  the  tem- 
perate and  equatorial  regions. 

It  may  be  true,  as  a  general  rule,  that  groups  of  the  same  species 
of  animals  and  plants  may  extend  over  wider  areas  than  deposits  of 
homogeneona  composition ;  and  if  so,  palraoutological  characters  will 
be  of  more  importance  in  geolt^cal  classiflcation  than  the  test  of 
mineral  composition ;  bat  it  is  idle  to  discuss  the  relative  valne  of 
these  tests,  as  the  ud  of  both  is  indispensable^  and  it  fortunately 
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happens,  that  where  the  one  criterion  FiiilB,  we  can  often  avail  onr- 
aelves  of  the  other. 

Test  by  included  froffmenU  of  older  rockt. — It  was  etated,  that 
independent  proof  mxy  Hometimee  be  obtained  of  t^e  relative  date  of 
two  formations,  by  fragmenta  of  an  (dder  rock  being  included  in  a 
newer  one.  This  eTidence  may  sometimes  be  of  great  nae,  where  a 
geologist  is  at  a  loss  to  determine  the  relative  age  of  two  formatioos 
from  want  of  clear  sections  exhibiting  tLeir  troe  order  of  poutios,  ot 
because  the  strata  of  each  gronp  are  vertica!.  In  such  cases  we 
sometimes  diecoyer  that  the  more  modem  rock  has  been  in  part 
derived  from  the  degradation  of  tiie  older.  Thus,  for  example,  we 
may  find  chalk  with  flints  in  one  part  of  a  conntry ;  and,  in  another, 
a  distinct  formation,  consisting  of  alternations  of  olay,  sand,  and 
pebbles.  If  some  of  these  pebbles  consist  of  similar  flint,  including 
fossil  shells,  sponges,  and  foraminifera,  of  the  same  species  as  those 
in  the  chalk,  we  may  confidently  infer  that  the  chalk  is  the  oldest  of 
the  two  formations. 

Chronoiogieal  gnmpt. — The  nnmber  of  groups  into  which  the 
fossiliferous  strata  may  be  separated  are  more  or  less  nnmeroua, 
according  to  the  views  of  classification  which  difierent  geologists 
entertain  ;  but  when  we  have  adopted  a  certun  system  of  arrange- 
ment, we  immediately  find  that  a  few  only  of  the  entire  series  of 
^ups  occor  one  upon  the  other  in  any  single  section  or  dUtrid. 
~Tbe  thinning  out  of  individual  strata  was  before  described  (p.  16.V 


But  let  the  annexed  di^fr^  represent  seven  foeeitiferons  groups, 
instead  of  as  many  strata.  It  will  then  be  seen  that  in  the  middle 
all  the  superimposed  formations  are  present;  bnt  in  consequence  of 
some  of  them  thinning  out,  No.  2.  and  No.  5.  are  absent  at  one 
extremity  of  tbe  section,  and  No.  4.  at  the  other. 

In  another  diagram,  fig.  105.,'  a  real  section  of  the  geological 
formations  in  the  neighbourhood  of  Bristol  and  the  Mendip  Hilb  is 
presented  to  the  reader,  as  laid  down  on  a  true  scale  by  Professor 
Bamsay,  where  the  newer  groups  1,  2,  8,  4.  rest  anconformably  on 
the  formations  6  and  6.  Here  at  tbe  soutbem  end  of  the  line  of 
section  we  meet  with  the  beds  No.  3.  (the  New  Bed  Sandstone)  resting 
immediately  on  No.  6.,  while  farther  north,  as  at  Dandr;  Hitl,  we 
behold  six  groups  snpenmposed  one  upon  the  other,  comprising  all 
the  strata  from  die  inferior  oolite  to  the  coal  and  carboniferous 
limestone.  The  limited  extension  of  the  gronps  I  and  2.  is  owing 
to  denudation,  as  these  formatjons  end  abruptly,  and  have  left 
outlying  patches  to  attest  the  fact  of  their  having  originally  covered 
a  much  wider  area. 
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lo  taanj  instancee,  however,  the  entire  absence  of  one  or  more 
fonnUions  of  inteireuiDg  periodB  between  two  groups,  such  ta  3. 
and  5.  in  the  «une  section,  uises,  not  from  the  destruction  of  what 
once  existed,  bnt  becanse  no  strata  of  an  intermediate*  age  were  ever 
deposited  on  the  inferior  rock.  They  were  not  formed  at  that  place, 
either  because  the  region  was  dry  land  during  the  interval,  or  because 
it  was  part  of  a  sea  or  lake  to  which  no  sediment  was  carried. 

In  order,  therefore,  to  establish  a  chronological  succession  of 
ibniliferons  gronps,  a  geologist  must  begin  with  a  single  section  in 
which  several  sets  of  strata  lie  one  upon  the  other.  He  must  then 
trace  these  formations,  by  attention  to  their  mineral  character  and 
fbgeils,  continuously,  as  far  as  possible,  from  the  starting  point.  As 
often  aa  be  meets  with  new  groups,  he  must  ascertain  by  super- 
positioD  their  age  relatively  to  those  first  examined,  and  thus  learn 
bow  to  intercalate  tbem  in  a  tabular  arrangement  of  the  whole. 

By  this  means  the  German,  French,  and  English  geologists  hare 
determined  the  succession  of  strata  throughout  a  great  part  of 
Europe,  and  hare  adopted  pretty  genftrally  the  following  gronps, 
afanoet  all  of  which  have  their  representatives  in  the  British  Islands. 
Groupt  of  FouUiferoiu  Strata  r.bserved  in  Western  Europe,  ar- 
ranged in  what  u  termed  a  descending  Series,  or  beginning  with 
Ike  newttL     {See  a  more  detailed  Tabular  viem,  pp.  104.  109.) 

I.  Post-PlioceDe.  iDcInding  IhoH  of  the 

Becent,  oc  Hnnuii  period, 
a  New«  Pliocene,  or  Fleutooue. 
8.  Older  Pliocene^ 


SecccidBry,  or  Hewioic. 


•  Fm  tertiaiy,  Sir  E.  De  La  Beche    are  raperior  in  podtion  lo  the  chalk. 
b—  Died  (be  term  "  nipraoracaceoa*,"  a        f  For  an  explanation  of  Cainozoio 
ntme  inpljing  that  the  strata  m  cajled    he,  we  aboTe,  p.  BB. 
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13.  PeTmiau.  1 

14.  CoaL 

15.  Old  Red  sandsUuu,  or  DeTonian.  I  Prinuuy  foMilifetoni,    or   palteo- 

16.  Upper  SilnrUn.  r     loic. 

17.  Lower  Siluriui,  I 
1 S.  CtuDbriaa  and  older  fossiliferoai  iDatR.  J 

It  19  not  pretended  that  the  three  principal  sectioDB  in  the  above 
table,  called  primary,  secondary,  and  tertiary,  are  of  equivalent  im- 
portance, or  that  tiie  eighteen  suirardinate  groups  comprise  monu- 
mentB  relating  to  equal  portions  of  pEtst  time,  or  of  the  earth's  his- 
tory. But  we  can  assert  that  tbey  each  relate  to  successive  periods, 
during  which  certain  animals  and  plants,  for  the  most  part  peculiar 
to  their  respective  eras,  hare  flourished,  and  during  which  different 
kinds  of  sediment  were  deposited  in  the  space  now  occapied  by 
Europe. 

If  we  were  disposed,  on  paUeontological  grounds*,  to  divide  tbe 
entire  fossilife^ous  seriea  into  a  few  groups  less  numerous  than  those 
in  the  shove  table,  and  more  nearly  co-ordinate  in  value  than  the 
sections  called  primary,  secondary,  and  tertiary,  we  might,  perhaps, 
adopt  the  six  groups  or  periods  given  in  the  next  table. 

At  the  same  time,  I  may  observe,  that,  in  the  present  state  of  the 
science,  when  we  have  not  yet  compared  the  evidence  derivable  from 
all  classes  of  fossils,  not  even  those  moat  generally  distributed,  such 
as  shells,  corals,  and  fish,  such  generalizations  are  premature,  and  can 
only  be  regarded  as  conjectural  or  provisional  schemes  for  the  found- 
ing of  large  natural  groups. 

Fostil^erotu  Strata  of  Wettem  Eurtqie  divided  into  Six  Group*. 

'■  T^^"""^       ""M  ftwn  the  Post-PlioeeDe  to  the  Eocene  indnmve. 
a   Cretaceous      -        -   i  *™°  ""  MaMtricht  Chalk  to  the  Wcalden  meld- 

3.  Oolitic    ■        -        -      from  the  Parbeck  to  the  L!tu  inclnsive. 

,    ~,      .  r inclnding  the  Eeaper,  Huschclk&lk,  and  Bonter- 

4.  Tnaasic  -        -  |      g^^d^n  ^f  the  QennaiiB. 

5.  Fennian,  Csrboaife-  "linclading  Hagnesiiui  Limestone  (Zechatein),  Coal, 
rom,  and  Devonian      j      Moaatsiu  Limestone,  and  Old  Red  Sandjrtoae. 

6.  Silorian    and    Cam-  1  Horn  ihe  Upper  Silnilan  to  tbe  oldest  fbanliferooj 
brian       -        -        .  j      rocks  inclusive. 

But  the  following  more  detailed  list  of  fossiliferoua  strata,  divided 
into  thirty-three  sections,  will  be  required  by  the  reader  when  he  is 
studying  oiur  descriptions  of  the  sedimentary  formations  given  ia  the 
next  18  chapters. 

*  Palttostology  ii  the  science  which    dene,  orra,  anta,  beingi,  and  htrtat,  bgoi, 
treati  of  tbuil  remains,  both  animal  and    a  discourse. 
vegetaUe.    Etsm,  waXaiat,  ytlaioi,  an- 
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CB.IX.J         TABCLAB  TIEW  Or  FOBSILIPEBOUS  8TBATA. 


TABULAE  VIEW 


FOSSILIFEROUS     STRATA, 

Skomng  At  Order  of  Superpantion  or  Chronological  Succettion  of  ike 
principal  Group*. 


1.  POST-TEBTIART. 

A.  FOST-PUOCeNE. 


X  fOST-VUOCBMB.  . 


n.  TEBTIART. 
A  PLIOCENE. 


Andnl  nliKl  b»ch  of  BrltbloD. 


HMIf     Df     WLtLocl    IpKiOt  I    ao 


Pirt  of  tbe  Temln  quuemiln  of 

f  toicb  vilhon. 
Hnlanl  Mrt  or  delui  of  Rhtiu, 

Nil>.  Guicn,  HlHiHlppI,  ftc. 

n  Cuhman.    JM?  Mfa.nL 


tlulppi,  p.  111. 
IL  TuuiH  1 


BtrAimtvnjilm  lup^rlvuttpP-tn. 


n.  IW.   Norwieb  Ctm,  p.  lU 

CiT».Jq>alu  of  KlikdiJe.  Ac. 


p.  ISt. 


rUuimilnu  of  Ihliaga 
•I  L«r-M  Jf  MuU  *n'tii<i  I: 
iL^BlUof  Auilm?,  p.K 


mill  of  Bone,  MoaisUula,  Ac. 

Anl>«p  nd  NonoMxIj  cri(,  p. 

Anlo-Cuplu  dtpoilu,  p.  ITfl. 

C  TlitAini  TnTiiiiB  hotm, 

'■larltn  luptrlHir,  D'Orblfni- 
^■Jumofl'QunlnB,  p.  176. 
-"BTt  or  Bourdef  nx  bedi.  p- 179- 
iolilerbmg  ttiut.  In  Bilgluni,  p, 

>an  or  VkmBa  hulD.  p.  IH. 
BDDd,  VIrilnis.  liuUd  GUMi, 
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TABCLAX  TIBW  OF 


'Lovftt  pkTt  of  Ten«in  TertUire 


'.  HsHbni  Hill  SuiU.  ud  Bman ' 


iDtiDir   ssap,  m. 


Humidarr  lUs-dar  nor  SerilB. 


Ht  SECONDARY. 
k  CBETACEOCa 

%  UWBB  CttlTACKO 


12.      vwaR 


1*.       «UVKT. 

SS  Ldwib  Crkiai 


rCbalk  wiUxnit  FllnU,  ind  Clulk 

1  Chalk  i£^i.  no. 

fLooH    lud    wRh    brIafaC    mm 

grilnt.  p.Ml. 
^  F]KttonpofM«rst1]Am,aumTy,lA^. 

L"wiiht™"  ''"■  *^'""'  '■''  "^ 

I  FolkrilOMlIutorClij.  ,   GlBucoBlo  n-iTtow  J  "  I 

1  Blickdovu  Bxdi,  |T«il  uod  ud     Alblm.  D'Orbigni. 

(.    ebart,  Davocuhlr^  p.  96B.  (.Loirtt  Pljiosr  or  &MiQay. 


.  Wuitiag  In  Ptrit  butn,  ocean 
■t  Cui^  In  Fnacb  FltMffm^ 
L  Aiglla  Flutlque  M  Ucnia,  p. 


:or*llliH  Llnxuaw  of  FOM  l> 
DHUu[k,p.  tSS. 
0.  SsDoolto,  D'OrUtDf. 


t!^d'm^  d'Sa..  or,  ^tota 


CenonnnLen,  b'OrWpiT. 

Lower  QuduwndiulB  oftba  0«- 


i«.     xowam 


S,  OB  NeOCOHUH. 

lUurkld,  lilE  o(  Wlfht,  p.lM 
(twton  Cli)',  Ywiihln. 


Hlili-c«1gkimrrU  c'r  Ccnil«a; 
HUi-UiaD  dI  Bruimlck. 

i,i,,,,,-..i^,Coo>;[e 
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*"  ClATvlthocCMtlDaiilbBddiaf  Uid«-  p 


r.  OOtJTE.  r.  Tiuum  JcnuHQDu.la  put. 

§  Upfsb  Ooutk, 

rUppR-,  Middle,  and  Lavrr  Pur-  rSHpaUlenkilk    or  Dunkcr,    ud 
le.  rUMMMCm  mmOU.  i     W.  DoiHUUn  ud  WUU,  pp.  J     ukkUiH  Mt  DCtl»  MoRt  0«r- 

*».    VOXT&AJTB  (  PortluditaMUidPanlBiduDd,  In, 


rKlnmerMflni.  D'Orblmj. 

"■«"■  jAiSirSi   B«.«-ur.E.d,B«a 

L    moDi  St  Dnfmof. 


ud  ThtrcU 

M"Mt?wj!l?nll2r?M6^'"['-^;t?"''"    "Ptn™'.     Tint. 


a  tnttrlnr,  or  Callo- 


m  LowebOoutx. 

I  SithanlfD  or  O 

M  ^  Gnnd  DoUtlH. 

>i,  BtonulWd,  ppjoa.     C^loln  da.CMn. 

Fuller'!  Buth.  netr  Bath,  , , 

Cilciinoftf  rrestoDe.  and  jtWuw  [  Oolltba  iBlMnr. 


LT  arX&TB  I      Wlllihin,  p.  3M.  i  Hiuamra   Di  ui 

.__                 it.Oiat    DoUM   aod  StOMiflf  M  ^  Gnnd  DoUtlH. 
'*'■■  1     Sl«l«^BaUi,Bloii----'- ''■■    ■     ■    -    - 


CoileiiroU     Hllb,  I  Oollihi  famvlneai  or  Narmiul*. 
«~.»-^...ilr*.  p.  lit.  1  Oolllh*  da  Banul. 

limdrTUUI.IMUBrlil^pp.lN.  j  Bi|ockm  orD'OlblfSJ. 


O-  TuMnn  JouMHran,  In  pan. 
p.  ^t>(*     (opMaor     (hi     Liu. 

ri.  Uppar  Uu,  p.  119. 

i  i.  lArl-itaie.  Sid. 

Ll-  Lowar  Liai,  Mf. 


Cikaln  HffTpbte  ai^nta. 
hfinarlaii,  D'OrMgny. 

Jff.  TRUBl 

^         „      „.-      .        ,  a  NontiicOrtaEoMi. 

(C^tpv  Nik  Ibd  SaiMme). 


I     ud  ihalaa  of ^«rtS«,  pp^U  -  [Kaopar  of  (ka  Camni. 
1  BoB|-bed  or  AlDDnlh,  Dbtob,  p.  j  sJuteian,  D'0°Uiiii. 


J  Galalra  canchrlitn.  Bronfiilait. 


i  WaDlfaii  Is  &i|la< 

/"Tl-lSli""**    .SandalMw    oT  rBiinlar.SandM>ii«rUia  Oanama. 

i     —^"IL     «<       OiNhlr*  ''O'JtaMnciiorihaFraiicb. 

L    pp.  U^  a>.  LCoDchjflao,  D'OrblpiT,  (In  part). 
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IV.  PRIMART.  '^tiS!«''fS^w^'*' 

/.  PERMIAN,  I.  CiicAiu  Nmkwui- 

(Zmmt  Nod  But.) 

I.  CoBerrtfcmiiTHiimiciinoflhir-  p,,  sdikiuhi of  Ttmrtagia. 

hiim«Di!  Vorljhln>,p.»M,  j_  |Uuc<i>acke,  OM. 

B.  Biwctaled llmmloDn '"■'  -   -.-.--.*-     -~--... 

3.  FoHilll^oui  LlmMUHi 


DolomEUccoailDEwnu,—  Briital, 


.  Dalontll  DT  OppvT 


eluerwlor'tupf* 


K.  CAEBONlFEKOUa 


.  HllItuiuarlt.n>-UI,Ul. 


J  Coil.aeldioltbe  United  Sutai,  p. 


ri.  Cilalirt     urbooinn     d    tli* 
f    Fieocl.. 
I.  BrrgUlk  or  Kohlenkdt  af  tbc 


rYeKow  > 

Flfs,  p. 
WMui 


I  ot  Dan 


Eljtn.wltkTi 

lUd  undibnis  Mud  caugloDBnu,  - 

Uppuind  mlddla  Doonlm  of  N. 
He™.     IncLuUing     FlnBoutb 

LoBK  Deionlin  or  N.  Dnon, 

Morlh  Foreliad.  p.  ue. 
Aibnufa  paiJaf.iiiKis,  pp.  ni~- 


I>eTiitltail,  Upper  put,  p 
«iwp,  Uuitnl  aoic*.  p. 
Riref  LtanMoH,  p.  4M. 


^.  SILDBIA^f. 


1.  Ldvit  Ludloir,  IM. 
(.  WenlDck  Llin«i 
t.  Vaulock  itailg.  ] 


OMut  KhEntib  OnjwKka  o(  Boe. 
ButilAii  Davonlu,  Loworput.  P- 

M.  Tnun  Sildiidc. 
nin  York  dltblcni  fnn  tbt  Up- 
per Feotuierui  u  the  Nli^a 
\    tiroupincliuJH,p.<til. 
fuga    E.   lo   H.  or  Bunade. 


Vta.  HiDDLI  SllDHIlM.  r,.       .  u       .....   .     .  fNM  York  group.  ftoInlhoCllIltllB 

(BtdtofpauagtbehBiw      1  Cuukw  or  M.r  Hill  Sndrtoee.  J     to  tb,  Okj  uodii™.  fnduu™. 

fLIuidello  FUgi  end  thile.  p.  4M.  TKcw  York  gniupi  froa  the  Hul. 
BiJ*  LlmeMone  end  bimck  iljlc,  •on-RKerlMli  u  (he  CelcUHtiu 
£S;,i!r5,"-S'ssi,  I^Sl""'''"'™-'' 


Jr.  CAMBKIAN. 


"»'■ 


LooHt     tONllKSroiii    ncki 


IPrlmordlAl  ime  of  Berrmnde  Id 
Pottdem    Siodilniit     lir' United 
SumnDdCuiidi.p.iu. 
(OulIKeroui  nicki,  p,  IH. 
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I.  BBCENT. 

1.  POST.PLIOCEMB. 

1.  KEWEB  FLIOCSHK. 

4.  OUttl  PLIOCENE. 

».  NIOCENE. 

(.  VPFER  EOCBNE. 

I.  MIDDLE  EOCENE. 

■■  LOVBB  SOCENE. 

«.  lUEfTBICHT  BBD3. 
l&UFFEK  WHITE   CHALK. 
1I.L01TEB  WHITE  CHALK. 
IL  UPPER    CREEHSAND. 
H  OiULT.      # 
14.  LOWER    OREBKSAMD. 
a  WEALDEN. 
1I.PURBBCK     BEDS. 
ir-POKTlAKD    STONE. 
■>-  KIMIIEBIDGB  CLAY. 
U.  CORAL  Rao. 
K.  OXFORD  CUT. 
II.  GBEATocBATU  OOLITE. 
O-INFEBIOE    OOLITE. 
)}.LU& 
ILUPPEE  THUS, 


a  LOWER  TBIAB. 

».         PBBHIAN, 

lUGNBSUN  LtHeSTONS. 
■■  COAL-HEASUKEB.  ! 

a.  CABBONIFEROUS 

LINE3TONB. 
K-CPFRR  ■ 
U.  LOWER  J 
■.  DPPBR  ■ 


^DEVONIAN. 
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CLABSIFIClTHHt  OP  TSKTIAttT  rOElCATIOM8. — POST-PLIOCENE  GBOOP. 

Geneml  principle*  of  cluuSeatioo  of  tartiaiyABta — DstaclndfoniutioDi  scattered 
orer  Gnrape — StrsU  of  Puii  and  London — More  modem  gtonpa — Pecoliir 
difficnltiea  in  deCemining  tlie  chninologj  of  Certiarr  famucioM — Increarang 
propration  of  linns  aperaes  of  ghells  in  strata  of  never  origin — Tenna  Eocme, 

Miocene,  and  Kiocene — Post-FliocenB  BtraCa — B«cent  or  bnznan  period Older 

Post-Pliocene  formations  of  N&plei,  TJddeTailo,  and  Ifdncaf — Andent  opraiaed 
delta  of  the  HiaainipiH — LoenoftheBhine. 

Bek>KB  describing  the  moet  modern  of  the  sets  of  str&ta  enmnerated 
in  the  Tables  given  at  the  end  of  the  last  chapter,  it  will  be  necessary 
to  say  something  generally  of  the  mode  of  claasifying  the  formations 
called  tertiary. 

The  name  of  tertiary  has  been  giren  to  them,  because  they  are  all 
posterior  in  date  to  the  rocks  termed  "  secondary,"  of  which  the  chalk 
constitutes  the  newest  group.  These  tertiary  stnta.were  at  first 
confounded,  as  before  stated,  p.  91.,  with  the  superficij  aUaviams  of 
Europe ;  and  it  was  long  before  their  real  extent  and  thiekneaa,  and 
the  various  ages  to  wluch  they  belong,  were  fully  recognized.  They 
were  observed  to  occur  in  patches,  some  of  freshwater,  others  of 
marine  origin,  their  geographical  area  being  usually  small  ae  com' 
pared  te  the  secondary  formations,  and  their  positi(m  often  suggesting 
the  idea  of  their  having  been  deposited  in  different  bays,  iake^  es- 
tuaries, or  inland  seas,  after  a  large  portion  of  the  apace  now  occupied 
by  Europe  had  already  been  converted.into  dry  land. 

The  first  deposits  of  thb  class,  of  which  the  characters  were  ac- 
curately determined,  were  those  occurring  in  the  neighbourhood  of 
Paris,  described  in  1810  hy  MM,  Cuvier  and  Bronguiarl;  They 
were  ascertained  to  consist  of  saccessive  aete  of  strata,  some  of 
marine,  others  of  freshwater  origin,  lying  one  upon  the  other.  The 
fossil  shells  and  corals  were  perceived  to  be  almost  all  of  unknown 
Bpedes,  and  to  have  in  general  a  near  affinity  te  those  now  inhabiting 
wanner  seas.  The  bones  and  skeletons  of  land  animrffl,  some  of 
them  of  large  ate,  and  belonging  to  more  than  forty  distinct  species, 
were  examined  by  Cuvier,  and  declared  by  him  not  te  agree  specifi- 
cally, nor  even  for  the  most  part  geoerically,  with  any  hitherto  ob- 
served in  the  living  creation. 

Strata  were  soon  afterwards  brought  to  light  in  the  vicinity  of 
London,  and  in  Hampshire,  which,  although  dissimilar  in  mineral 
composition,  were  justly  inferred  by  Mr.  T.  Webster  to  be  of  the 
same  age  as  those  of  Paris,  because  the  greater  namber  of  the  fosail 
shells  were  specificallj  identicaL  For  the  same  reason,  rocks  found 
on  the  Gironde,  in  the  Soutli  of  France,  and  at  certain  points  in 
the  North  of  Italy,  were  suspected  to  be  of  contemporaneous  origiiv 
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A  variety  of  deposits  were  afterwards  found  in  other  parts  of 
Europe,  all  reposing  immediately  on  rocks  as  old  or  older  ^an  the 
cbalk,  and  which  exhibited  certain  general  characters  of  resemblance 
in  their  to^anic  remains  to  those  previoasly  observed  near  Paris  and 
London.  An  attempt  was  therefore  made  at  first  to  refer  the  whole 
to  one  period ;  and  when  at  len^  this  seemed  itnpracUcable,  it  was 
contended  that  as  in  the  Parisian  series  there  were  many  subordinate 
formationB  of  considerable  thickness  which  must  have  accumulated 
one  af^er  the  other,  daring  a  great  lapse  of  time,  so  the  various 
patcbes  of  tertiary  strata  scattered  over  Europe  might  correspond  in 
age,  some  of  them  to  the  older,  and  others  to  the  newer,  subdlvisioiiB 
of  tbe  Parisian  series. 

This  error,  though  almost  unavoidable  on  the  part  of  those  who 
made  the  first  generalizationa  in  this  branch  of  geology,  retarded 
serioualy  for  some  years  tbe  progress  of  claasifi  cation.  A  more  scru- 
pulous attention  to  specific  distinctions,  uded  by  a  careful  regard  to 
the  relative  position  of  the  strata  containing  them,  led  at  length  to 
the  conviction  that  there  were  formations  both  marine  and  freshwater 
of  various  ages,  and  all  newer  than  the  strata  of  the  neighbourhood  of 
Paris  and  London. 

One  of  the  fir«t  steps  in  this  chronological  reform  was  made  in 
1811,  by  an  Eoglisb  naturalist,  Mr.  Parkinscm,  who  pointed  out  the 
&ct  that  certain  shelly  strata,  provinoially  termed  "  Crag  "  in  Suffolk, 
lie  decidedly  over  a  deposit  nhich  was  the  continuation  of  the  blue 
day  of  London.  At  the  same  time  he  remarked  that  the  fossil  tes- 
taoea  in  these  newer  beds  were  distinct  from  those  of  the  blue  clay, 
■nd  that  while  some  of  them  were  of  unknown  species,  others  were 
identical  with  species  now  inhabiting  the  British  seas. 

Another  important  discovery  was  soon  afterwards  made  by  Brocchi 
in  Italy,  who  investigated  the  argillaceous  and  sandy  deposits,  replete 
with  sheUs,  which  form  a  low  range  of  hills,  flanking  the  Apennines 
on  both  sides,  from  tbe  plains  of  the  Po  to  Calabria.  These  lower 
hills  were  called  by  him  the  Subapennines,  and  were  formed  of  strata 
chiefly  marine,  and  newer  than  those  of  Paris  and  London. 

Another  tertiary  group  occurring  intheneighbonrhood  of  Bordeaux 
and  Daz,  in  the  sout^  of  France,  was  examined  by  M.  de  Basterot 
in  1825,  who  described  and  figured  several  hundred  species  of  shells, 
whidi  differed  tor  tbe  most  part  botk  from  the  Parisian  series  and 
thoee  of  the  Sobapennine  hills.  It  was  soon,  therefore,  suspected 
that  this  fauna  might  belong  to  a  period  intermediate  between  that  of 
the  Parisian  and  Subapennine  strata,  and  it  was  not  long  before  the 
evidence  of  superposition  was  brought  to  bear  in  support  of  this 
opinion  ;  for  other  strata,  contemporaneous  with  those  of  Bordeaux, 
were  observed  in  one  district  (the  Valley  of  the  Loire),  to  overlie  the 
Parisian  formation,  and  in  another  (in  Piedmont)  to  underlie  the  Sub- 
apeunjne  beds.  The  first  example  of  these  was  pointed  out  in  1829 
by  M.  Deanoyers,  who  ascertained  that  the  sand  and  marl  of  marine 
origin  called  Faluns,  near  Touis,  in  the  basin  of  the  Loire,  full  of  sea- 
shells  and  corals,  rested  upon  a  lacustrine  formation,  which  constitutes 
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the  uppermost  BubdiTiaion  of  the  Faiisiui  groap,  extending  con- 
tinaoDsly  throagboat  %  great  table-land  intervening  between  the  baain 
of  the  Seine  and  that  of  the  Loire.  The  other  example  occurs  in 
lUiy,  where  strata,  containing  many  foeails  eimilar  to  those  of  Bor- 
deaux, were  observed  by  Bcnelli  and  others  in  the  environs  of  Turin, 
subjacent  to  strata  belonging  to  the  Subapennine  groap  of  Broccbi. 

Without  pretending  to  give  a  complete  sketch  of  the  progress  cJ 
discovery,  I  may  refer  to  the  facts  above  enumerated,  as  iliustrating 
the  course  usually  pursued  by  geoI<^ists  when  they  attempt  to  fonod 
new  chronological  divisions.  The  method  bears  some  analogy  to  that 
pursued  by  the  naturalist  in  the  construction  c^  genera,  when  he 
selects  a  typical  species,  and  then  classes  as  congeners  all  other  species 
of  aoimab  and  plants  which  agree  with  this  standard  within  certain 
limits.  The  genera  A.  and  C.  having  been  founded  on  these  prin- 
ciplea,  a  new  species  is  afterwards  met  with,  departing  widely  both 
from  A.  and  C,  but  in  many  respects  of  an  intermediate  character. 
For  this  new  type  it  becomes  necessary  to  institute  tiie  new  genua  B^ 
in  which  are  included  all  spedes  afterwards  brought  to  light,  which 
agree  more  nearly  with  B.  than  with  the  types  of  A.  or  C.  Id  like 
manner  a  new  formation  is  met  with  in  geology,  and  the  characters 
of  its  fossil  fatina  and  flora  inveatigated.  From  that  moment  it  is 
considered  as  arecord  of  a  certain  period  of  the  earth's  history,  and  a 
standard  to  which  other  deposits  may  be  compared.  If  amy  are  found 
containing  the  same  or  nearly  the  same  organic  remains,  and  occupy- 
ing the  same  relative  position,  they  are  regarded  in  the  light  of  con- 
temporary annals.  All  such  monuments  are  said  to  relate  to  one 
period,  dnring  which  certain  events  occurred,  sncb  as  the  formation 
of  particular  rocks  by  aqueons  or  volcanic  agency,  or  Ute  continued 
existence  and  fossilisatioo  of  certdn  tribes  of  animals  and  plants. 
When  several  of  these  periods  have  had  their  true  places  assigned  to 
them  in  a  chronological  series,  others  are  discovered  which  it  becomes 
necessary  to  intercalate  between  those  first  known  ;  and  the  difficulty 
of  assigning  clear  lines  of  separation  must  unavoidably  increaae  in 
proportion  as  chasms  in  the  past  history  of  the  globe  are  filled  up. 

Every  eoologiat  and  botanist  is  aware  that  it  is  a  comparatively 
easy  task  to  establish  genera  in  departments  which  have  been  en- 
riclied  with  only  a  small  number  of  species,  and  where  there  is  as 
yet  no  tendency  in  one  set  of  cSaracters  to  pass  almost  insensibly,  by 
a  multitude  of  connecting  links,  into  another.  They  also  know  that 
the  difficulty  of  classification  augments,  and  that  the  artificial  nature 
of  their  divisions  becomes  more  apparent,  in  proportion  to  the  increased 
nnmber  of  objects  brought  to  light.  But  in  separating  families  and 
genera,  they  have  no  other  alternative  than  to  avwl  themselves  of 
SQch  breaks  as  still  remain,  or  of  every  hiains  in  the  chain  of  ani- 
mated beings  which  is  not  yet  filled  up.  So  in  geology,  we  may  be 
eventually  compelled  to  resort  to  sections  of  time  as  arbitrary,  and  as 
purely  conventional,  as  those  which  divide  the  history  of  human 
events  into  centuries.  But  in  the  present  stale  of  our  knowledge,  it 
is  more  convenient  to  use  the  intermptioDS  which  stJll  occur  in  the 


,i^,Coo>^[e 


Ch.X.]  of  TEBTIART  FOBMATIOOT.  113 

»gaUr  sequence  of  geological  monuments,  Mboanduy  lines  between 
our  {ffincipsl  gronps  or  periods,  even  though  the  groups  thus  eeU- 
blished  are  of  very  unequal  value. 

The  isolated  position  of  distinct  tertiary  deposits  in  diSerent  parts 
of  Europe  has  been  already  allnded  to.  In  addition  to  the  difficulty 
presented  by  this  want  of  continuity  when  we  endeavour  to  settle 
the  chronok^cal  relations  of  these  deposits,  another  arises  from  the 
frequent  dissimilarity  in  mineral  character  of  strata  of  contempora- 
neous date,  such,  for  example,  as  those  of  London  and  Paris  before 
mentioned.  The  identity  or  non-identity  of  species  ia  also  a  criterion 
which  oflen  fuls  ns.  For  this  we  might  have  been  prepared,  for  we 
have  already  seen,  that  the  Meditenaneaa  and  Red  Sea,  although 
within  70  miles  of  each  other,  on  each  side  of  the  Isthnina  of  Snez, 
have  each  their  peculiar  fkona;  and  a  marked  difierence  is  found  in 
the  four  groups  of  leetacea  now  living  in  the  Baltic,  English  Channel, 
Black  Sea,  and  Heditvrranean,  although  all  these  seas  have  many 
spedes  in  eommon.  In  like  manner  a  considerable  diversity  in  the 
fossils  of  different  tertiary  formations,  which  have  been  thrown 
down  in  distinct  seas,  estuaries,  bays,  and  lakes,  does  not  always 
imply  a  distinctness  in  lite  times  when  they  were  produced,  but  may 
have  orisen/rom  climate  and  oondtti(»i8  of  physical  geograjjiy  wholly 
independent  of  time.  On  the  other  hand,  it  is  now  abundantly  clear, 
as  the  teeult  of  geological  investigation,  that  different  sets  of  tertiary 
strata,  immediately  superimposed  upon  each  other,  contain  distinct 
imbedded  species  of  fossils,  in  consequence  of  fluctuations  which  have 
been  going  on  in  the  animate  creation,  and  by  which  in  the  course  of 
aget  one  state  of  things  in  the  oi^anic  world  has  been  substituted  for 
nnotber  wholly  dissimilar.  It  has  also  been  shown  that  in  propor- 
tion as  the  age  of  a  tertiary  deposit  is  more  modem,  so  is  its  fauna 
Bore  analogous  to  that  now  in  being  in  the  neighbouring  leaa.  It  is 
this  law  of  a  nearer  ^reement  of  the  fossil  teetacea  with  the  species 
DOW  living,  which  may  ottea  furnish  us  with  a  clue  for  the  chrono- 
logical arrangement  of  scattered  deposits,  where  we  cannot  avail  our- 
selves of  any  one  of  the  three  ordinary  cbrcmologicol  tests;  namely, 
snperposition,  mineral  character,  and  the  specific  identity  of  the 
ibaeils.    - 

Thus,  for  example,  on  the  African  border  of  the  Bed  Sea,  at  tbe 
height  of  40  feet,  and  sometimes  more,  above  its  level,  a  white  calca- 
reous formation  has  been  observed,  containing  several  hundred  species 
of  shells  differing  from  those  found  in  the  clay  and  volcanic  tuff  of 
the  country  round  Naples,  and  of  the  contiguous  island  of  lachia. 
Another  deposit  has  been  found  at  Uddevalla,  in  Sweden,  in  which 
the  shells  do  not  agree  with  those  found  near  Naples.  Gut  although 
in  these  three  cases  there  may  be  scarcely  a  single  shell  common  to 
the  three  different  deposits,  we  do  not  hesitate  to  refer  them  all  to 
<me  period  (Ibe  Post-Pliocene),  because  of  the  very  close  agreement 
of  the  fossil  species  in  every  instance  with  those  now  living  in  the 
contiguous  seas. 
To  to^e  another  example,  where  the  fbesil  fauna  recedes  a  few 
I 
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steps  farther  back  from  our  own  times.  We  maj  compare,  first,  the 
beds  of  lojun  and  cla;  bordering  the  Clyde  ia  Scotlajid  (called  glacial 
by  lome  geologists) ;  lecondlj,  atbers  of  fluvio-roariDe  origin  near 
Norwich ;  and,  lastly,  a  third  set  ofW  rising  to  considerable  heights  in 
Sicily:  and  we  discover  that  in  erery  case  more  than  three-fourths  of 
the  shells  agree  with  species  still  living,  while  the  remainder  are 
extinct  Hence  we  may  conclude  that  all  these,  greatly  diversified  as 
are  their  organic  icmiuna,  belong  to  ooe  and  the  same  era,  or  to  a 
period  immediately  antecedent  to  the  Fost-PIiocene,  because  there 
has  been  time  in  each  of  the  areas  alluded  to  for  an  equal  or  neaiiy 
equal  amount  of  change  in  the  marine  testaceous  fauna.  Contempo- 
raneonsneas  of  origin  is  inferred  in  these  cases,  in  spite  of  the  moat 
marked  difierencea  of  mineral  character  or  organic  contents,  from  a 
similar  degree  of  divergence  in  the  shells  &om  thoee  now  living  iu  the 
adjoining  seas.  The  advantage  of  sncb  a  test  consists  in  supplying 
us  witii  a  common  point  of  departure  in  all  oountrie«,  however  remote. 

But  the  farther  we  recede  from  the  present  times,  and  the  smaller 
tiie  relative  number  of  recent  as  compared  with  extinct  species  in 
the  tertiary  deposita.  the  less  confidence  can  we  place  in  the  exact 
value  of  such  a  test,  especially  when  comparing  ^e  strata  of  very 
distant  redone ;  for  we  cannot  presume  that  the  ra^  of  former 
alterations  in  the  animate  world,  or  the  continual  going  out  and 
coming  in  of  species,  has  been  every  where  exactly  equal  in  equal 
quantities  of  time.  The  form  of  the  land  and  sea,  and  the  climate, 
may  have  changed  more  in  one  region  than  in  another ;  and  ctmae- 
quentlj  there  may  have  been  a  more  rapid  destruction  and  renova* 
tion  of  species  in  one  part  of  the  globe  than  elsewhere.  Consider- 
aUons  of  this  kind  should  undoubtedly  put  us  on  our  guard  against 
relying  too  implicitly  on  the  accuracy  of  this  test ;  yet  it  can  never 
ful  to  throw  great  light  on  the  chronolc^ieal  relations  of  tertiary 
groups  with  each  other,  and  with  the  Post-Pliocene  period. 

We  may  derive  a  conviction  of  this  truth  not  only  fhun  a  study  of 
geological  monuments  of  all  ages,  but  also  by  reflecting  on  the  ten- 
dency which  prevails  in  the  present  state  of  nature  to  a  uniform  t«ta 
of  simultaneous  fluctuation  in  the  flora  and  fauna  of  the  whole  globe. 
The  grounds  of  such  a  doctrine  cannot  be  discussed  here,  and  I 
have  explained  them  at  some  length  in  the  third  Book  of  the 
IVinciples  of  Geology,  where  the  causes  of  the  successive  extinction 
of  species  are  considered.  It  will  be  there  seen  that  each  local  change 
in  dimate  and  physical  geography  is  attended  with  the  immediate 
increase  of  certain  spe<»es,  and  the  limitation  of  the  range  of  others. 
A  revolution  thus  effected  is  rarely,  if  ever,  confined  to  a  limited 
space,  or  to  one  geographical  province  of  animals  or  plants,  bat 
affects  several  other  surrounding  and  contiguous  provinces.  In  each 
of  these,  moreover,  an^ogous  alterations  of  the  stations  and  habit- 
ations of  species  are  simultaoeously  in  progress,  reacting  in  the 
manner  already  alluded  to  on  the  first  province.  Hence,  long  before 
the  geography  of  any  particular  district  can  be  essentially  altered, 
the  flora  and  fauna  throughout  the  world  will  have  been  materially 
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modified  by  countless  disturbances  in  tlie  mutukl  relation  of  ttie  Tariooi 
members  of  the  orgintc  cretttion  to  each  other.  To  usums  thst  in 
one  Ifti^  area  inhabited  ezcluaively  bj  a  single  assemblage  of  species 
any  important  revolution  in  physical  geography  can  be  brought  about, 
while  other  areas  remain  stationary  in  regard  to  the  position  of  land 
and  sea,  the  height  of  mountains,  and  so  forth,  is  a  most  improbable 
hypothesis,  vhoUyopposedtowbatireknowof  the  laws  nowgoTeniing 
the  aqueous  and  igneous  causes.  On  the  other  hand,  even  were  this 
oonceirable,  the  communication  of  beat  and  cold  between  different 
parts  of  the  atmosphere  and  ocean  is  so  free  and  rapid,  that  the  tempe- 
rature of  certain  zones  cannot  be  materially  rused  or  lowered  without 
others  being  immediately  affected ;  and  the  elevation  or  diminution  in 
liflight  of  an  important  chain  of  moontains  or  the  submergence  of  a 
iride  tract  of  land  would  modify  the  climate  eren  of  the  antipodes. 

It  will  be  observed  that  in  the  foregoing  allusions  to  organic  re- 
tnuuB,  the  testacea  or  the  shell-bearing  moUusca  are  selected  as  the 
most  useful  and  contenient  class  for  the  purposes  of  general  classifi- 
cation. In  the  first  place,  they  are  more  universiiUy  distributed 
through  strata  of  every  age  than  any  other  organic  bodies.  Thoae 
Amilies  of  fossils  which  are  of  rare  and  casnat  occurrence  are  abso- 
lutely of  no  avail  in  establishing  a  chronolt^cal  Brrangnneut  If  w« 
have  plants  alone  in  one  group  of  strata  and  the  bones  of  mammalia 
in  another,  we  can  draw  no  conclusion  respecting  the  afBuity  or  dis- 
cwdance  of  the  oi^anic  beings  of  the  two  epochs  compared  -,  and  the 
game  may  be  said  if  we  have  plants  and  veriebrated  animals  in  one 
aeries  and  only  shells  in  another.  Although  corals  are  more  abnn< 
dant,  in  a  fossil  state,  than  plants,  reptiles,  or  fish,  they  are  still  rare 
when  contrasted  with  shells,  especially  in  the  European  tertiary  f<«^ 
mations.  The  ntility  of  the  testacea  is,  moreover,  enhanced  by  the 
efrcumstance  that  some  forms  are  proper  to  the  sea,  others  to  the 
land,  and  others  to  freshwater.  Bivers  scarcely  ever  fail  to  cany, 
down  into  their  deltas  some  land  shells,  together  with  species  which 
are  at  once  fiuviatile  and  lacustrine.  By  this  means  we  learn  what 
terrestrial,  freshwater,  and  marine  species  co-existed  at  particular 
eras  of  the  past :  and  having  thus  identified  strata  formed  in  seas 
with  others  which  originated  contemporaneously  in  inland  lakes,  we 
are  then  enabled  to  advance  a  step  farther,  and  show  that  certain 
qnadrupeds  or  aquatic  plants,  found  fossil  in  lacustrine  formations, 
inhabited  the  globe  at  the  same  period  when  certain  fish,  reptiles,  and 
nx^ytes  lived  in  the  ocean. 

Among  otiier  characters  of  the  molluscous  animals,  which  render 
them  extremely  valuable  in  settling  chronological  questions  in  geoh^y, 
may  be  mentioned,  first,  the  wide  geographical  range  of  many  speciee ; 
and,  secondly,  what  is  probably  a  consequence  of  the  former,  the  great 
duration  of  species  in  this  class,  for  they  appear  to  have  surpassed  in 
longevity  the  greater  number  of  the  mammalia  and  fish.  Had  eadi 
speciee  inhabited  a  very  limited  space,  it  conld  never,  when  imbedded 
in  strata,  have  enabled  the  geol^ist  to  identify  deposits  at  distant 
points;  or  had  they  each  lasted  but  for  a  brief  peciod,  they  could  have 
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thrown  no  light  on  the  connection  of  rocks  placed  for  from  each  other 
in  the  chronological,  or,  as  it  ib  often  t«nned,  vertical  series. 

Han;  authiws  have  divided  the  European  tertiary  strata  into  three 
groups  —  lower,  middle,  and  upper ;  the  lower  comprising  the  oldest 
formationB  of  Paris  and  London  beforo  mentioned ;  the  n^dte  those 
of  Bordeaux  and  Touraine ;  and  the  upper  all  those  newer  than  the 
middle  group. 

When  engaged  in  1828  in  proparing  my  work  on  the  Principles  of 
Qealogy,  I  conceived  the  idea  of  classing  the  whole  series  of  tertiary 
strata  in  four  groups,  and  endeayooring  to  find  characters  for  eadit 
expressive  of  their  di0erent  degrees  of  affinity  to  the  liying  Gtuoa. 
With  this  view,  I  obtuned  information  respecting  the  specific  iden- 
tity of  many  tertiary  and  recent  shells  from  several  Italian  naturalist^ 
and  among  others  from  Frafeseors  Bonelli,  Gnidotti,  and  CosUk 
Having  in  1829  become  acquainted  with  M.  Deshayes,  of  Paris, 
already  well  known  by  his  concholc^ical  works,  I  learnt  from  him 
that  he  had  arrived,  by  independent  researches,  and  by  the  study  of  a 
large  collection  of  fossil  and  recent  shells,  at  very  similar  views  re- 
specting the  arrangement  of  tertiary  formations.  At  my  request  he 
drew  up,  in  a  tabular  form,  lists  of  all  the  shells  known  to  him  to  occur 
both  in  some  terUary  formation  and  in  a  living  stat%  for  the  express 
purpose  of  ascertaining  the  proportional  number  of  fossil  speeies  iden- 
tical with  the  recent  which  characteriaed  successive  groups;  and  ibis 
table,  planned  by  ns  in  common,  was  published  by  me  in  1833.*  .The 
numb^  of  tertiary  fossil  shells  examined  by  H.  Deshayes  was  about 
3000;  and  the  recent  species  with  which  they  had  been  compared 
abont  5000.  The  result  then  arrived  at  was,  that  in  the  lower  ter- 
tiary strata,  or  those  of  London  and  Paris,  thera  wero  about  8J  per 
cent,  of  species  identical  with  recent;  in  the  middle  tertiary  of  the 
Loire  and  Gironde  abont  17  per  cent ;  and  in  the  upper  tertiary  or 
.  Snbapennine  beds,  from  35  to  SO  per  cent  Li  formations  still  mora 
modern,  some  of  which  I  had  particularly  studied  in  Sicily,  where 
thej  attain  a  vast  thickness  and  elevation  above  the  sea,  the  number 
of  species  identical  with  those  now  living  was  believed  to  be  from 
90  to  95  per  cent.  For  the  sake  of  clearness  and  brevity,  I  proposed 
to  give  short  technical  names  to  these  four  groups,  or  the  periods  to 
which  they  respectively  belonged.  I  called  the  first  or  oldest  of  them 
Eocene,  the  second  Miocene,  the  third  Older  Pliocene  and  the  last 
or  fourth  Newer  Pliocene.  The  first  of  the  above  terms.  Eocene,  is 
derived  from  i^wc,  eoe,  dawn,  and  roifoc,  cainos,  recent,  because  the 
fossil  shells  of  this  period  contain  an  extremely  small  proportion  of 
living  species,  which  may  be  looked  upon  as  indicMing  ibe  dawn  of 
the  existing  state  of  the  testaceous  fauna,  no  recent  species  having 
been  detected  in  the  older  or  secondary  rocks. 

The  term  Miocene  (Iroin  fiaoy,  melon,  leu,  and  nuvoc,  cainoa, 
rteeiit)  is  intended  to  express  a  minor  proportion  of  recent  species 
(of  testacea),  the  term  Pliocene  (from  rXtior,  pleion,  more,  tad  nuroc, 
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cunos,  reee»t)  &  comptratiTe  plimlitj  of  the  same.  It  m»j  assiat 
the  memorj  of  Btudents  to  remind  them,  that  the  Jftoceae  contain  a 
mfnor  proportioD,  and  /Tiocene  a  comparatire  pjurality  of  recent 
spedes  ;  and  that  the  greater  nnmber  of  recent  epeciea  alwajrs  impUea 
the  more  modem  origin  of  the  strata. 

It  has  sometimes  been  objected  to  this  nomenclature  that  certain 
species  of  infusoria  found  in  the  chalk  are  still  existing,  and,  on  the 
otber  hand,  the  Miocene  and  Older  Pliocene  deposits  often  contun  the 
remains  of  maoimalia,  reptiles,  and  fish,  ezcliisirelj  of  extinct  species. 
But  the  reader  must  bear  in  mind  that  the  terms  Eocene,  Miocene, 
and  Pliocene  were  originaUf  invented  with  reference  purely  to  eon- 
chological  data,  and  in  that  sense  have  always  been  and  are  still  used 

The  distribution  of  the  fossil  species  from  which  the  resulla  befcnv 
ntentioned  were  obtained  in  1830  by  M.  Deshayes  was  as  follows: — 

In  the  fbnnatioii*  of  the  mocsne  poriodi,  oldv  and  newer   -      7TT 
In  iIk  macene         ......    io91 

b  the  Eocene         ......    lug 


Since  the  year  1830,  the  number  of  new  living  species  obt^ned 
from  different  parts  of  the  globe  has  been  exceedingly  grea^  supplying 
fresh  data  for  comparison,  and  enabling  the  paleontologist  to  correct 
many  erroneous  identifications  of  fossil  and  recent  forms.  New 
species  also  have  been  collected  in  abundance  from  tertiary  formations 
of  every  age,  while  newly  discovered  groups  of  strata  have  filled  up 
gaps  in  the  previously  known  series.  Hence  modifications  and  re- 
forms have  been  called  for  in  the  classification  first  proposed.  The 
Socene,  Miocene,  and  Pliocene  periods  have  been  made  to  comprehend 
certain  sets  of  strata  of  which  the  fossils  do  not  always  conform  strictly 
in  the  proportion  of  recent  to  extinct  species  with  the  deBnitions  first 
given  by  me,  or  which  are  implied  in  the  etymology  of  those  terms. 
Of  these  and  other  innovations  I  shall  treat  more  fully  in  the  Hth 
and  15th  chapters. 

POSI'FLIOCEin  F0UU.TI0K8. 

I  have  adopted  the  term  Post-Pliocene  for  those  strata  which  are 
sometimes  called  post-tertiary  or  modem,  and  which  are  characterized 
by  having  all  the  imbedded  fossil  shells  identical  with  species  now 
livinf^  whereas  even  the  Kewer  Pliocene,  or  newest  of  the  tertiary 
deposits  above  alluded  to,  contain  always  some  small  pro[>ortioii  of 
sbetls  of  extinct  species. 

These  modem  formations,  thus  defined,  comprehend  not  only  those 
Strata  which  can  be  shown  to  have  originated  since  the  earth  was 
inhabited  by  man,  but  also  deposits  of  far  greater  extent  and  thick- 
ness, in  which  no  signs  of  man  or  his  works  can  be  detected.  In  some 
of  these,  of  a  date  long  anterior  to  the  times  of  history  and  tradition, 
the  bones  of  extinct  qnadrapeds  have  been  met  with  of  species  which 
probably  never  co-existed  with  the  human  racc^  as,  for  example,  the 
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mammoth,  mMtodon,  megatherium,  and  others,  and  jret  the  abelli  aie 
the  same  as  tliose  now  linng. 

That  portioa  of  the  post-pliocene  gronp  which  belongs  to  the 
hnman  epoch,  and  which  is  sometimes  called  Beeent,  forms  a  ver^ 
unimportant  feature  in  the  geological  structure  of  the  earth's  cmst. 
I  have  shown,  however,  In  "  The  Frinciples,"  where  the  recent  changes 
of  the  earth  illuatratiTe  of  geology  are  described  at  length,  that 
the  deposits  accumulated  at  the  bottom  of  lakes  and  seas  within  the 
last  4000  or  5000  years  can  neither  be  insignificant  in  volume  or 
extent  Thej  lie  hidden,  for  the  most  part,  from  our  sight ;  but  we 
have  opportunities  of  examining  them  at  certain  points  where  newlj- 
gained  land  in  the  deltas  of  rivers  has  been  cut  through  during  floods, 
or  where  coral  reefs  are  growing  rapidly,  or  where  the  bed  of  a  seA 
or  lake  haa  been  heaved  up  by  subterranean  movements  and  laid 
dry.  Their  age  may  be  red^nixed  either  by  oar  finding  in  them 
the  bones  of  man  in  a  fossil  state,  that  is  to  say,  imbedded  in  them 
by  natural  causes,  or  by  their  contuoing  articles  fabricated  by  the 
hands  of  man.    . 

Thus  at  FuzEuoli,  hear  Nai^es,  marine  strata  are  seen  contwmng 
fragments  of  sculpture,  pottery,  and  the  remains  of  buildings,  togetlier  . 
with  innumerable  shells  retaimng  in  part  their  colour,  and  of  the 
same  species  as  those  now  inhabiting  the  Bay  of  Bais.  The  up- 
permost of  these  beds  is  about  20  feet  above  the  level  of  the  sea. 
Their  emergence  can  be  proved  to  have  taken  place  since  the  bfr- 
ginning  of  the  sixteenth  century.*  Now  here,  as  in  almost  every 
instance  where  any  alterations  of  level  have  been  going  on  in 
historical  periods,  it  is  found  that  rocks  conttuning  shells,  all,  or 
nearly  all,  of  which  still  inhabit  the  neighbouring  sea,  may  be  traced 
for  some  distance  into  the  interior,  and  often  to  a  considerable 
elevation  above  the  level  of  the  sea.  Thus,  in  the  coantry  round 
Naples,  the  post-pliocene  strata,  consisting  of  clay  and  horizontal 
beds  of  volcanic  tnff,  rise  at  certain  points  to  the  height  of  1500  feet 
Although  the  marine  shells  are  exclusively  of  living  species,  they  aie 
not  accompanied  like  those  on  the  coast  at  Fuisuoli  by  any  traces  if 
man  or  his  works.  Had  any  such  been  discovered,  it  would  hare 
afforded  to  the  antiquary  and  geologist  matter  of  great  sarprije, 
since  it  would  have  shown  that  man  was  an  inhabitant  of  that  put 
of  the  globe,  while  the  materials  composing  the  present  hills  vdA 
plains  of  Campania  were  still  in  the  progress  of  deposition  at  the 
bottom  of  the  sea ;  whereas  we  know  that  for  nearly  3000  year^  or 
&om  the  tjmes  of  the  earliest  Greek  colonists,  no  material  revolntion 
in  the  physical  geography  of  that  part  of  Italy  has  occurred. 

In  Ischia,  a  small  island  near  Naples,  composed  in  like  manner  of 
marine  and  volcanic  formations.  Dr.  Philippi  collected  in  the  stra- 
tified tuff  and  clay  ninety-two  species  of  shells  of  existing  species.  Txi 
the  centre  of  Ischia,  the  lofly  hill  called  Epomeo,  or  San  Nicola,  is 
composed  of  greenish  indurated  tuff,  of  a  prodigious  thickness,  intsr- 

*  See  n:mdple%  Index,  "Sen^i." 
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Stratified  in  some  pftrts  with  mftrl,  uid  here  and  there  with  great 
beds  of  solid  Uvl  Viaconti  sacertained  hj  trigonometrical  measure- 
ment that  this  moontain  was  2605  feet  abore  the  level  of  the  sea. 
Kot  far  from  its  summit,  at  the  height  of  about  2000  feet,  as  also 
near  Uoropano,  a  village  only  100  feet  lower,  on  the  southem  de- 
clivity of  the  mountain,  I  collected,  in  1828,  many  shells  of  species 
now  inhabiting  the  neighbooriog  galf.  It  is  clear,  therefore,  that  the 
great  mass  of  Epomeo  was  not  only  niiaed  to  its  present  height,  hut 
was  tiaa  formed  beneath  the  waters,  within  the  post-pliocene  period. 
It  is  a  fact,  however,  of  no  small  interest,  that  the  fossil  shells  from 
these  modem  tuffs  of  the  volcanic  region  surrounding  the  Bay  of 
Bain,  althoDgh  none  of  them  extinct,  iodicate  a  slight  want  of  corre- 
spoodence  between  the  ancient  fauna  and  that  now  inhabiting  the 
Mediterranean,  Philippi  informs  ns  that  when  he  and  M.  Scacchi  had 
collected  ninety-nine  species  of  them,  he  found  that  only  one,  Peeten 
mediut,  now  living  in  the  Bed  Sea,  was  absent  from  the  Mediter- 
ranean. Notwithstanding  this,  be  adds,  "the  condition  of  the  sea 
when  the  tnfaceoas  beds  were  deposited  must  have  been  considerably 
different  from  its  present  state ;  for  Teltina  tlriata  was  then  common, 
and  is  now  rare-,  Lueirta  tpinota  was  both  more  abundant  and  grew 
to  a  latter  siie :  tMona  fragUu,  now  rare,  and  hardly  measuring 
6  lines,  then  attained  the  enormous  dimensions  of  14  lines,  and 
was  extremely  abundant;  andOsfrea  lamelloia,  Broc.,  no  longer  met 
with  near  Naples,  existed  at  that  time,  and  attained  a  size  so  large 
that  one  lower  valve  hat  been  known  to  measure  6  inches  9  lines 
in  length,  4  inches  in  breadth,  1^  inch  in  thickness,  and  weighed 
26i  ounces.'* 

There  are  other  parts  of  Europe  where  no  volcanic  action  manifests 
itself  at  the  surface,  as  at  Naples,  whether  by  the  eruption  of  lava  or 
by  earthquakes,  uid  yet  where  the  land  and  bed  of  the  adjoining  sea 
re  undergoing  upheavaL  The  motion  is  so  gradual  as  to  be  insen- 
ible  to  the  inhabitants,  bung  only  ascertainable  by  careful  scientific 
■easnrements  compared  after  long  intervals.  Such  an  upwarjl  move- 
isnt  has  been  proved  to  be  in  progress  in  Norway  and  Sweden 
t>onghout  an  area  about  1000  miles  N.  and  S.,  and  for  an  unknown 
JAance  E.  and  W.,  the  amount  of  elevation  always  increasing  as  we 
psceed  towards  the  North  Cape,  where  it  may  equal  5  feet  in  a 
oeitary.  If  we  conld  asstune  that  there  had  been  an  average  rise  of 
SJfeet  in  each  hundred  years  for  the  last  fifty  centuries,  this  would 
^0  an  elevation  of  125  ^eet  in  that  period.  In  other  words,  it  wouM 
bilow  that  the  shores,  and  a  considerable  area  of  the  former  bed  of 
be  Baltic  and  North  Sea,  had  been  uplifted  vertically  to  that  amount, 
id  converted  into  land  in  the  course  of  the  last  5000  years.  Ac- 
Tdingly,  we  find  near  Stockholm,  in  Sweden,  horisonlal  beds  of 
ad,  loam,  and  roarl  containing  the  same  peculiar  assomhiago  of 
btaeea  which  now  live  in  the  brackish  waters  of  the  Baltic.  Mingled 
ith  these,  at  different  depths,  have  been  detected  various  worlu  of 

*  QkL  Quart.  Jaazn.  voLiL  Mtaioici,  p.  IS. 
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art  imping  b  mde  Btate  of  civilization,  and  eome  veweli  built  before 
the  intivduction  of  iron,  the  whole  marine  formation  having'  been 
upraised,  bo  that  the  upper  beds  are  now  €0  feet  higher  tluin  the 
sur&ce  of  the  Baltic  In  the  neighbourhood  of  these  recent  atamta, 
both  to  the  north-west  and  south  of  Slockhohn,  otiier  deposits  similar 
is  mineral  composition  occur,  which  ascend  to  greater  heights,  in 
which  precisely  the  same  assemblage  of  fossil  shells  ia  met  with,  but 
without  any  intermixture  of  human  bones  or  fatoicated  articles. 

On  the  opposite  or  western  coast  of  Sweden,  at  Uddevall^  post- 
pliocene  strata,  containing  recent  shells,  not  of  that  brackish  water 
character  peculiar  to  the  Baltic,  but  such  aa  now  lire  in  the  ncvthem 
ocean,  ascend  to  the  height  of  200  feet ;  and  beds  of  elaj  and  sand  of 
the  same  age  attain  elevations  of  300  and  even  700  feet  in  Norway, 
where  they  have  been  usually  described  aa  "  raised  beachee."  They 
are,  however,  thick  deposits  of  submarine  origin,  spreading  far  and 
wide,  and  filling  Valleys  in  the  granite  and  gneiss,  just  aa  the  tertiary 
formations,  in  different  parta  of  Europe,  cover  or  fill  depressions  in 
the  older  rocks. 

It  is  worthy  of  remark,  that,  although  the  fossil  fauna  charac- 
teriEing  these  npraased  sands  and  clays  consists  exelnsirely  of  ex- 
isting northern  species  of  testacea,  yet,  according  to  hovia  (an  able 
living  naturalist  of  Norway),  the  species  do  not  oonatitnte  such  an 
assemblage  ta  now  inhabits  corresponding  latitudes  in  the  German 
Ocean,  On  the  contrary,  they  decidedly  represent  a  more  arctic 
fauna.'  In  order  to  find  the  same  species  floDrishing  in  equal  abun- 
dance, or  in  many  cases  to  find  them  at  all,  we  must  go  northwards 
to  higher  latitudes  than  Uddevalla  in  Sweden,  or  even  nearer  the 
pole  than  Central  Norway. 

Judging  by  the  uniformity  of  climate  now  prevailing  from  century 
to  century,  and  the  insensible  rate  of  variation  in  the  organic  world 
in  our  own  times,  we  may  presume  that  an  extremdy  lengthened 
period  was  required  even  for  so  slight  a  modification  of  the  molluscoof 
fauna,  as  that  of  which  the  evidence  is  here  brought  to  light.  Oi 
the  other  hand,  we  have  every  reason  for  inferring  <ya  independer 
grounds  (namely,  the  rate  of  upheaval  of  land  in  modem  timee)  thi 
the  antiquity  of  the  deposite  in  question  must  be  very  great  Fori 
we  assume,  as  before  suggested,  that  the  mean  rate  of  continues 
vertical  elevation  has  amounted  to  2^  feet  in  a  century  (and  thias 
probably  a  high  average),  it  would  require  27,500  years  for  the  M- 
coaat  to  attain  the  height  of  700  feet^  without  making  allowance  bi 
any  pauses  such  aa  are  now  experienced  in  a  large  part  of  Norway,  or 
for  any  oscillations  of  level. 

In  England,  buried  ships  have  been  found  in  the  ancient  and  now 
deserted  channels  of  the  Bother  in  Sussex,  of  the  Mersey  in  Kent 
and  the  Thames  near  London.  Canoes  and  stone  hatchets  have  beei 
dug  up,  in  almost  all  parts  of  the  kingdom,  from  peat  uid  sbeU-marl 
bat  there  ia  no  evidence,  as  in  Sweden,  Italy,  and  many  other  par* 

*  Quart.  QviL  laaia.  4  Hema  p.  48. 
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of  tbe  world,  of  the  bed  of  the  seft,  aod  the  ftdjoiDing  coast,  having 
been  uplifted  bodilj  to  considerable  heights  within  the  haman  period. 
Becent  strata  have  been  traced  along  the  coasts  of  Peru  and  Chili, 
inclosing  sheila  in  abundance,  all  agreeing  specifically  with  those  now 
swarming  in  the  Pacific.  In  one  bed  of  this  kind,  in  the  island  of 
San  Lorenzc^  near  Lima,  Mr.  Darwin  found,  at  the  altitade  of  85 
feet  above  the  sea,  pieces  of  cotton-thread,  plaited  rush,  and  the 
head  of  a  stalk  of  Indian  corn,  the  whole  of  which  had  evidently 
been  imbedded  with  the  shells.  At  the  same  height  on  the  neigh- 
bouring mainland,  he  found  other  signs  corrobOTatiog  the  opint(m 
that  the  ancient  bed  of  the  sea  had  there  also  been  uplifted  85  feet 
since  dte  region  was  first  peopled  hj  tbe  Peruvian  race.  *  But 
rimilar  shellj  masses  are  also  met  with  at  much  higher  elevations,  at 
inatunerable  points  between  tbe  Chilian  and  Peruvian  Andes  and 
tbe  sea-coast,  in  which  no  human  remains  were  ever,  or  in  all  pro- 
faabili^  ever  will  be,  discovered. 

In  the  West  Indies,  also,  in  the  island  of  Guadaloupe,  a  solid  lime- 
Stone  occurs  at  the  level  of  the  sea-beach,  enveloping  human  skele- 
tons. The  stone  is  extremely  hard,  and  chiefiy  composed  of  com- 
Boiirated  shell  and  coral,  irith  here  and  there  some  entire  corals  and 
dteDs,  of  species  now  living  in  the  adjacent  ocean.  With  them  are 
inclnded  anrow-heads,  {ragments  of  pottery,  and  other  articles  of 
htnuMi  workmanship.  A  limestone  with  similar  contents  has  been 
formed,  and  is  still  forming,  in  St.  Domingo.  But  there  are  also 
more  ancient  rocks  in  tbe  West  Indian  Archipelago,  as  in  Cuba,  near 
tbe  Havanna,  and  in  other  islands,  in  which  are  shells  identical  wi^i 
those  now  living  in  corresponding  latitudes ;  some  well- preserved, 
others  in  a  state  of  casts,  all  referable  to  the  post-pliocene  period. 

I  have  already  described  in  the  seventh  chapter,  p.  84. ,  what  would 
be  the  effect  of  oscillations  and  changes  of  level  in  any  region  drained 
by  a  great  river  and  its  tiibntaries,  supposing  the  area  to  be  first 
depressed  several  hundred  feet,  and  then  re-elevated.  I  believe  that 
snch  changes  in  the  relative  level  of  land  and  sea  have  actually  oc- 
curred in  tbe  post-pliocene  era  in  tbe  hydrographical  basin  of  tbe 
IGssiseippi  and  in  that  of  tbe  Bhine.  The  accumulation  of  fiuviatile 
matter  in  a  delta  during  a  slow  subsidence  may  raise  the  newly  . 
gMoed  land  superficially  at  tbe  same  rate  at  whjcb  its  foundations 
sink,  so  that  these  may  go  down  hundreds  or  thousands  of  feet  per- 
pendicularly, and  yet  tbe  sea  bordering  the  delta  may  always  be 
excluded,  the  whole  deposit  continuing  to  be  terrestrial  or  freshwater 
in  character.  This  appears  to  have  happened  in  the  deltas  both  of 
the  Po  and  Ganges,  for  recent  artesian  borings,  penetrating  to  the 
depth  of  400  feet,  have  there  shown  that  fluviatile  strata,  with  shells 
of  recent  species,  together  with  ancient  surfaces  of  land  supporting 
tnrf  and  forests,  are  depressed  hundreds  of  feet  below  the  sea  leveL  f 
Should  these  countnea  be  once  more  slowly  upraised,  the  rivers  would 

*  JoonuJ,  p.  451. 

t  See  Princqileis  Sth  ed.  pp.  160— S68.,  9th  ed.  937— ISa 
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carre  out  vklleya  through  the  horizontal  and  nnconsolidated  stnta  U 
they  rose,  sweeping  away  the  greater  portion  of  then),  and  leaving 
mere  fragments  in  the  shape  of  temtces  skirting  newlj-formed  allti- 
vial  phuDs,  aa  monnments  of  the  former  levels  at  which  the  rivers 
ran.  Of  this  nature  are  "  the  blnfis, "  or  river  cliffs,  now  bounding' 
the  valley  of  the  Mississippi  throagbont  a  lai^  portion  of  ita 
"course."  The  apper  portions  of  these  blnfis  which  at  Natches  and 
elsewhere  often  rise  to  the  height  of  200  feet  above  the  allavial  plain, 
consist  of  loam  containing  land  and  freshwater  shells  of  the  genera 
HtUx,  Pupa,  Succinea,  and  Lymnea,  of  the  same  spetues  as  those  now 
inhabitiDg  the  neighbouring  forests  and  swamps.  In  the  same  loam 
also  are  found  the  bones  of  the  Mastodon,  Elephant,  Megalonf  x, 
and  other  extinct  quadrupeds.* 

I  have  endeavoured  to  show  that  the  deposits  forming  the  delta 
and  alluvial  plain  of  the  Uissisaippi  consist  of  sedimentary  matter, 
extending  over  an  area  of  30,000  square  miles,  and  known  in  some 
parts  to  be  several  hundred  feet  deep.  Although  we  cannot  estimate 
correctly  how  many  years  it  may  have  required  for  the  river  to  bring 
down  from  the  upper  country  so  large  a  quantity  of  earthy  matter — 
the  data  for  such  a  computation  being  as  yet  incomplete — we  may 
stiU  approximate  to  a  minimnm  of  the  time  which  such  an  operation 
must  have  taken,  by  ascertaining  experimentally  the  annual  disobarga 
of  water  by  the  Missisuppi,  and  the  mean  annual  amount  of  solid  matter 
contained  in  its  waters.  The  lowest  estimate  of  the  time  required 
would  lead  us  to  assign  a  high  antiquity,  amounting  to  many  tens  of 
thonsands  of  years  to  the  existing  delta,  the  origin  of  which  is  never- 
theless an  event  of  yesterday  when  contrasted  with  the  terraces, 
formed  of  the  loam  above  mentioned.  The  materials  of  the  blufls 
wereproducedduringtheSrst  part  of  a  great  oscillation  of  level  which 
depressed  to  a  depth  of  200  feet  a  larger  area  than  the  modern  delta 
and  plain  of  the  Mississippi,  and  then  restored  the  whole  region  to  its 
former  position .f 

Lotu  of  the  ValUy  of  the  Rhine.  —  A  similar  succesrion  of  geo< 
graphical  changes,  attended  by  the  production  of  a  Jluviatile  formation, 
singularly  resembling  that  which  bounds  the  great  plain  of  the 
MiBBiaaippi,  seems  to  have  occurred  in  the  liydrographical  basin  of  the 
Rhine,  since  the  time  when  that  basin  had  already  acquired  ita  present 
outline  of  hill  and  valley.  I  allude  to  the  deposit  provincially  termed 
1oe$s  in  part  of  Germany,  or  Uhm  in  Alsace,  filled  with  land  and 
freshwater  shells  of  existing  species.  It  is  a  finely  comminuted  sand  or 
pulverulent  loam  of  a  3reUowish  grey  colour,  consisting  chiefly  of  argil- 
laceous matter  combined  with  a  sixth  part  of  carbonate  of  lime,  and  a 
sixth  of  quartzose  and  micaceous  sand.  It  often  contains  calcareous 
sandy  concretions  or  nodules,  rarely  exceeding  the  size  of  a  man's 
head.  Its  entire  thickness  amounts,  in  some  places,  to  between  200 
and  300  feet ;  yet  there  are  often  no  B^ns  of  stratification  in  the 

*  Sm  Principle*  of  GeoL  9th  ed.,  sod  Ljell'i  Secood  Yiait  to  the  T]nit«d  Stues, 
ToL  ii.  p.  SS7. 

t  Ljell'i  Second  Vidt  to  the  tTnited  States,  voL  iL  chap,  xxxlv. 
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mue,  except  here  And  there  &t  the  bottom,  where  there  is  occaucmkllj  ft 
alight  intermixtnrB  of  drifted  materiBls  derived  firom  Bubjaoent  nx^s. 
Unsolidifled  as  it  Is,  and  of  so  perishable  a  nature,  that  every  stream- 
let Sowing  over  it  cats  ont  for  itselTa  deep  gullj,  it  oioallj  terminates 
in  a  vertical  cliff,  from  the  surface  of  which  land-shells  are  seen  here 
and  there  to  project  in  relief.  Id  all  these  features  it  presents  ft 
precise  coanterpart  to  the  loess  of  the  Mississippi.  It  is  so  homo- 
geneous as  generaUj'  to  exhibit  no  signs  of  stratiflcation,  owing,  pro- 
bably, to  its  materials  having  been  derived  from  a  common  source 
and  having  been  Accumalated  by  a  nniform  action.  Yet  it  display! 
in  some  few  places  decided  marks  of  successive  deposition,  wh^« 
coarser  and  finer  materials  alternate,  especially  near  the  bottom. 
Calcareous  concretions,  also  enclosing  land-shells,  are  sometimes  ar- 
ranged in  horizontal  layers.  It  is  a  remarkable  deposit,  from  its 
position,  wide  extent,  and  thickness,  its  homogeneous  mineral  com- 
position, and  freshwater  origin.  lu  distribution  clearly  shows  that 
after  the  great  valley  of  the  Bhioe,  from  Schaffhausen  to  Bonn,  had 
acquired  its  present  form,  having  its  bottom  strewed  over  with  coarse 
gravel,  a  period  arrived  when  it  became  filled  up  from  side  to  side 
with  fine  mud,  probably  deposited  during  river  innndations;  and  it  is 
also  clear  that  similar  mud  and  silt  were  thrown  down  contempo- 
rsneonsly  in  the  valleys  of  the  principal  tributaries  of  the  Rhine. 

Thus,  for  example,  it  may  be  traced  for  into  Wiirtemberg,  up  the 
valley  of  the  Neckar,  and  from  Frankfort,  up  the  valley  of  the  Main, 
to  above  Dettelbach.  I  have  also  seen  it  spreading  over  the  country  of 
Mayence,  Eppelsheim,  and  Worms,  on  the  left  bank  of  the  £bine, 
and  on  the  opposite  side  on  the  table-land  above  the  Bergstrasse,  be- 
tween Wiesloch  and  Bruchsal,  where  it  attains  a  thickness  of  200  feet. 
Near  Strasburg,  large  masses  of  it  appear  at  the  foot  of  the  Vosgea 
on  the  left  bank,  and  at  the  base  of  the  mountains  of  the  Black  Forest 
on  the  right  bank.  The  Kaiseratuhl,  a  volcanic  mountain  which 
stands  in  the  middle  of  the  plain  of  the  Bbine  near  Freiburg,  has 
been  covered  almost  everywhere  with  this  loam,  as  have  the  extinct 
Tolcanos  between  Coblentx  and  Bonn.  Near  Andemscfa,  in  the 
Kirchw^,  the  loess  cootaioing  the  usual  shells  alternates  with  vol- 
eanie  matter ;  and  over  the  whole  are  strewed  layers  of  pumice, 
Iqiilli,  and  volcanic  sand,  from  10  to  IS  feet  thick,  very  much  re- 
aemblinf  the  ^ectioas  under  which  Pompeii  lies  buried.  There  is  no 
passageat  this  upper  junction  from  the  loess  into  the  pumiceous  super- 
atratom ;  and  this  last  follows  the  slope  of  the  hill,  just  as  it  would 
have  done  had  it  fallen  in  showers  from  the  air  on  a  declivity  partly 
formed  of  loess. 

But,  in  general,  the  loess  overlies  all  the  volcanic  products,  even 
those  between  Keuwied  and  Bonn,  which  have  the  most  modern 
aspect  i  and  it  has  filled  up  in  part  the  crater  of  the  Roderberg,  an 
extinct  volcano  near  Bonn.  In  1833  a  well  was  sunk  at  the  bottom 
of  this  crater,  through  70  feet  of  loess,  in  part  of  which  were  the 
nmal  calcareous  concretions.  ^ 

The  interstratiflcation  above  alluded  to  of  loess  with  layers  of 
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pumice  and  Tolcanic  mabea,  has  led  to  the  opiaioa  that  both  dariog 
aad  since  its  deposition  some  of  the  last  volcanic  eruptions  of  the 
Lower  Eifel  hare  taken  place.  Should  such  a  conclusion  be  adopted, 
we  should  be  called  upon  to  assign  a  very  modem  date  to  these 
emptions.  This  curious  point,  tbetefore,  deserves  to  be  reconudered ; 
since  it  may  .possibly  have  happened  that  the  waters  of  the  Rhine, 
BTToUen  by  the  melting  of  snow  and  ice,  and  flowing  at  a  great  height 
through  a  valley  choked  ap  with  loeB^  may  have  swept  away  the 
loose  superficial  scoriEe  and  pnmice  of  the  Eifel  volcanos,  and  spread 
tbem  out  occasionally  over  the  yellow  loam.  Sometimes,  also,  the 
melting  of  enow  on  the  slope  of  small  volcanic  cones  may  have  given 
rise  to  local  floods  capable  of  sweeping  down  light  pumice  into  the 
a4jacent  low  grounds. 

The  first  idea  which  has  occurred  to  most  geologists,  after  ex- 
amining the  loess  between  Mayence  and  Basic,  is  to  imagine  that  a 
great  lake  once  extended  throughout  the  valley  of  the  Bhine  between 
those  two  places.  Such  a  lake  may  have  Bent  off  large  branches  up 
the  course  of  the  Main,  Neckar,  and  other  tributary  valleys,  in  all  of 
which  large  patches  of  loess  are  now  seen.  The  barrier  of  the 
lake  might  be  placed  somewhere  in  the  narrow  and  picturesque 
gorge  of  the  Bbiue  between  Bingen  and  Bonn.  But  this  theory  fails 
altogether  to  explain  the  phenomena ;  when  we  discover  that  that 
gorge  itself  has  once  been  filled  with  loess,  which  must  have  been 
tranquilly  deposited  in  it,  as  also  in  the  lateral  valley  of  the  Lahn, 
communicating  with  the  gorge.  The  loess  has  also  overspread  the 
high  adjoining  platform  near  the  village  of  Flaidt  above  Anderaacfa. 
Nay,  on  proceeding  farther  down  to  the  north,  we  discover  that  the 
hills  which  ekirt  the  great  valley  between  Bonn  and  Cologne  have 
loess  on  their  flanks,  which  also  covers  here  and  there  the  gravel  of 
the  plain  as  far  as  Cologne,  and  the  nearest  rising  grounds. 

Besides  these  objections  to  the  lake  theory,  the  loess  is  met  with 
near  Basle,  capping  hills  more  than  1200  feet  above  the  sea;  so  that 
a  barrier  of  land  capable  of  separating  the  supposed  lake  from  the 
ocean  would  require  to  be,  at  least,  as  high  as  the  monntains  called 
the  Siebengebii^e,  near  Bonn,  the  loftiest  summit  of  which,  the 
Oehlbei^,  is  1209  feet  above  the  Bhine  and  1369  feet  above  the  eea. 
It  would  be  necessary,  moreover,  to  place  this  lofty  barrira'  some- 
where below  Cologne,  or  precisely  where  the  level  of  the  land  is  now 

Instead,  therefore,  of  supposing  one  continuous  lake  of  sufficient 
extent  and  depth  to  allow  of  the  simultaneous  accumulation  of  the 
loess,  at  various  heights,  throughout  the  whole  area  where  it  dow 
occurs,  I  formerly  suggested  that,  subsequently  to  the  period  when 
the  countries  now  drained  by  the  Rhine  and  its  tributaries  had 
nearly  acquired  their  actual  form  and  geographical  features,  they 
were  again  depressed  gradually  by  a  mov«aent  like  that  now  in  pro- 
gress on  tbe  west  coast  of  Greenland.  *     In  proportion  aa  the  whole 

*  Frinc.  of  Q«oL  Si  editian,  18S4,  voL  iii  p,  41^ 
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district  was  lowered,  the  genenl  fall  of  the  waters  between  the  A1[W 
and  the  ocean,  was  lessBned ;  and  both  the  main  and  lateral  vallejs, 
becoming  more  snl^ect  to  river  inundations,  were  partially  filled  up 
with  fluviatile  silt,  ctKitaioiiig  land  and  freahwater  Bhells.  When  » 
thickness  of  many  hundred  feet  of  loess  had  been  thrown  down  slowly 
by  this  operation,  the  whole  region  was  once  more  npheaved  gra- 
dually. During  this  upward  movement  most  of  the  fine  loam  would 
be  carried  off  by  thn  denuding  power  of  rains  and  rirera ;  and  thus 
tbe  original  valleys  might  have  been  re-excavated,  and  the  country 
almost  restored  to  its  pristine  state,  with  the  exception  of  some 
maases  and  patches  of  loess  such  as  still  remain,  and  which,  by  their 
frequency  and  remarkable  homogeneousness  of  composition  and  foe- 
als,  attest  the  ancient  continuity  and  common  origin  of  the  whole. 
By  imagining  these  oscillations  of  level,  we  dispense  with  the  neces- 
sity of  erecting  and  afterwards  removing  a  mountain  barrier  tuSt' 
ciently  high  to  exclude  the  ocean  from  tbe  ralley  of  the  Bbine  during 
the  period  of  the  accumulation  of  tbe  loess. 

The  proportion  of  land-shells  of  the  genera  HeUx,  Pupa,  and 
BuUmut  is  very  large  in  the  loess;  but  in  many  places  aquatic  spe- 
cies of  the  genera  Lymnea,  Paludina,  and  I^norbu  are  also  found. 
These  may  have  been  carried  away  during  floods  from  shallow  pools 
and  marshes  bordering  the  river ;  and  tbe  great  extent  of  marshy 
ground  caused  by  tbe  wide  overflowings  of  rivers  above  supposed 
would  favour  the  multiplication  of  amphibious  mollusks,  anch  as  the 
Sueeinea  (fig.  106.),  which  is  almost  everywhere  characteristic  of 
this  formation,  and  is  sometimes  accompanied,  as  near  Bonn,  by  an- 
other species,  S.  amphibia  (fig.  34.  p.  29.).  Among  other  abundant 
fossils  are  HeUx  plebeiwn  and  Pvpa  mutcontm,      (See  figures.) 


Ht6      ^      ®-f-# 

Suctlma  tlmgata.  Pufa  mmnTum.  HttiitfMiimi. 

Both  the  terrestrial  and  aquatic  shells  preserved  in  the  loess  are  of 
most  fragile  and  delicate  structure,  and  yet  they  are  almost  invariably 
perfect  and  uninjured.  They  must  have  been  broken  to  pieces  had 
they  been  swept  along  by  a  violent  inundation.  Even  the  colour  of' 
some  of  tbe  land-shells,  as  that  of  Helix  ntmoralit,  is  occasionally 
preserved. 

Bones  of  vertebrated  animals  are  rare  in  the  loess,  but  those  of  the 
mammoth,  horse,  and  some  other  quadrupeds  have  been  met  with. 
At  the  village  of  Binniugen,  and  the  hilts  called  Bruder  Holz,  near 
£asle,  I  found  the  vertebra  of  fish,  together  with  the  usual  shells. 
These  vertebrsB,  according  to  M.  Agassiz,  belong  decidedly  to  the 
Shark  family,  perhaps  to  the  genus  Larnna.  In  explanation  of  their 
occorrence  among  land  and  freshwater  shells,  it  may  be  stated  that 
certain  fish  of  this  family  ascend  the  Senegal,  Amazon,  and  other 
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gre»t  rirers,  to  the  diitance  of  several  hundred  miles  from  the 
ocean.* 

At  Cannstadt^  near  Statt^ardt,  ia  a  valley  alao  belonging  to  the 
hydrc^^raphical  basin  of  the  Khine,  I  have  seen  the  loess  pass  down- 
vards  into  beds  of  calcareous  tuff  ^nd  travertin.  Several  valleys  in 
northern  Germany,  as  that  of  the  Urn  at  Weimar,  and  that  of  the 
Tonna,  north  of  Goths,  exhibit  similar  masses  of  modem  limestone 
filled  with  recent  shellB  of  the  genera  fianorUt,  f.ymnea,  Paluditut, 
&c.,  from  50  to  80  feet  thick,  with  a  bed  of  loess  much  resembling 
that  of  the  Rhine,  occasionally  incumbent  on  them.  In  these  modem 
limestones  used  for  boilding,  the  bones  of  EUphtu  primigenitu,  Rhi- 
noeerog  liehorhintu,  Urnts  speltmu,  Byana  ipelcea,  with  tJie  horse,  ox, 
deer,  and  other  quadrupeds,  occur ;  and  in  1850  Mr.  H.  Credner  and 
I  obtuned  in  a  quarry  at  Tonna,  at  the  depth  of  15  feet,  inclosed  in 
the  calcareons  rock  and  surrounded  with  dicotyledonous  leaves  and 
petrified  leaves,  four  egga  of  a  snake  of  the  size  of  the  largest  Euro- 
pean Coluber,  which,  with  three  others,  were  lying  in  a  series,  or 
string. 

They  are,  I  believe,  the  first  reptilian  remains  which  have  been 
met  with  in  strata  of  this  ^e. 

The  agreement  of  the  shelb  in  these  cases  with  recent  European 
species  enables  ua  to  refer  to  a  very  modem  period  the  filling  up 
and  re-excavation  of  the  valleys ;  an  operation  which  doubtless  con- 
sumed a  long  period  of  time,  since  whit^  the  mamnuferons  fauna  faaa 
undei^ne  a  considerable  change. 


CHAPTER  XI. 

MBWBB  PLIOCENE  FERIOD.  —  BOCLDEB  FORUATIOM. 

Drift  of  Scandinavia,  nonhem  Qermuiy,  and  Bnssui — lU  nonhem  origia  —  Kot  ill 
of  the  same  age  —  Fundameatal  rocks  polished,  gnraved,  and  aciatched — Acdcai 
of  gladen  sod  icebergs-— Fosail  shells  of  glacinl  period — Drift  of  BUUra  Nor- 
f^  —  AgsodatedfreshiTBter  deposit — Bent  and  folded  scrata  I^ng  en  nniUatiirhed 
beds — Shells  on  Hoel  TcTfiuie — Ancient  glaciers  of  Notth  Wales— bididiifl;. 

AifONQ  the  diflerent  kinds  of  alluvium  described  iathe  seventh  chapter, 
mention  was  made  of  the  boulder  formation  in  the  north  of  Europe, 
the  peculiar  characters  of  which  may  now  be  considered,  as  it  belongs 
in  part  to  the  post-pliocene,  and  partly  to  the  newer  pliocene,  period. 
I  shall  first  allude  briefly  to  that  portion  of  it  which  extends  from 
Finland  and  the  Scandinavian  mountains  to  the  north  of  Russia,  and 
the  low  countries  bordering  the  Baltic,  and  which  has  been  traced 
southwards  as  far  as  the  eastern  coast  of  England.     This  formation 
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conaists  of  mud,  sand,  luid  day,  sometimea  atratiQed,  bnt  often  wholly 
devoid  of  gtr&tificaitioii,  for  a  depth  of  more  than  a  hunted  feet. 
To  this  iinstratified  form  of  the  deposit,  the  name  of  tiU  has  been 
^plied  in  Scotland.  It  generally  contains  numerous  fragmenta  of 
rocks,  some  angular  and  others  rounded,  which  have  been  derived 
from  formations  of  all  ages,  both  fossiliferoaa,  Tolcanic,  and  bypo* 
gene,  and  wbicb  hare  often  been  brought  from  great  distances.  Some 
of  the  travelled  blocks  are  of  enormous  size,  several  feet  or  yards  in 
diameter;  their  average  dimensions  increasing  as  we  advance  north- 
wards. The  tilt  is  almost  everynhere  devoid  of  organic  remains, 
unless  where  these  have  been  washed  into  it  from  older  formations; 
so  that  it  ia  chiefly  from  relative  position  that  we  must  hope  to  derive 
a  knowledge  of  its  age. 

Although  a  large  proportion  of  the  boulder  deposit,  or  "  northern 
drift,"  as  it  has  sometimes  been  called,  is  made  up  of  fragmenta 
brought  from  a  distance,  and  which  have  sometimes  travelled  many 
hundred  milea,  the  bulk  of  the  mass  in  each  locality  consists  of  the 
ruins  of  subjacent  or  neighbouring  rocks  ;  so  that  it  is  red  in  a  region 
of  red  sandstone,  white  in  a  chalk  country,  and  grey  or  black  in  a 
district  of  coal  and  coal-ahale. 

The  fundamental  rock  on  which  the  boulder  formation  reposes,  if 
It  conaists  of  granite,  gneiss,  marble,  or  other  hard  stone  capable  of 
permanently  retaining  any  superficial  markings  which  may  have 
been  imprinted  upon  it,  is  usually  smoothed  or  polished,  and  exhibits 
parallel  strim  and  furrows  having  a  determinate  direction.  This 
direction,  both  in  Europe  and  North  America,  b  evidently  connected 
with  the  course  taken  by  the  erratic  blocks  in  the  same  district,  being 
from  north  to  south,  or  if  it  be  20  or  30  degrees  to  the  east  or  west  of 
north,  idways  corresponding  to  the  direction  in  which  the  large  an- 
gular and  rounded  stones  have  travelled.  These  stnnes  themselvea 
also  are  often  furrowed  and  scratched  on  more  than  one  side. 

In  explanation  of  such  phenomena  I  may  refer  the  student  to  what 
was  said  of  the  action  of  glaciers  and  icebergs  in  the  Principles  of 
Geology,  (ch.  xv.)  It  is  ascertained  that  hard  stones,  frozen  icto 
a  moving  mass  of  ice,  and  pushed  along  under  the  pre^ure  of  that 
mass,  scoop  out  long  rectilinear  furrows  or  grooves  parallel  (o  each 
other  on  thetf  ubjacent  solid  rock.  (See  fig.  109.)  Smaller  scratches 
ftnd  etrix  are  made  on  the  polished  surface  by  crystals  or  projecting 
edges  of  the  hardest  mineral^  juat  as  a  diamond  cuts  glass,  llie 
recent  polishing  and  striation  of  limestone  by  coast-ice  carrying 
boalders  even  as  far  south  as  the  coast  of  Denmark,  has  been  ob- 
served by  Dr.  Forcbhammer,  and  helps  ua  to  conceive  how  large  ice- 
bergs, running  aground  on  the  bed  of  the  Be%  may  produce  simitar 
farrows  on  a  grander  scale.  An  account  waa  given  so  long  ago  as 
the  year  1822,  by  Scoresby,  of  icebergs  seen  by  him  drifting  along 
in  latitudes  69°  and  70°  N.,  which  rose  above  the  aurface  from  100  to 
200  feet,  and  measured  from  a  few  yards  to  a  mite  in  circumference. 
Manyof  them  were  loaded  with  beds  of  earth  and  rock,  of  such  thick- 
ness that  the  weight  was  conjectured  to  be  from  50,000  to  100,000 


,i^,Coo>^[c 


BOCEB  DBIFTED  DT  ICE. 


UiKitaM  pallihed,  hrrswtd.  toi  Ktuebtd  )rj  Ihi  gluln  of  RohdIuI.  [a  SwUiirlod.  ( AtuUt.] 

tons.  A  Bimilar  traaeporlation  of  rocks  is  known  to  be  ia  progress 
in  the  southern  hemisphere,  where  boulders  included  in  ice  are  far 
more  frequent  than  in  the  north.  One  of  these  icebergs  was  en- 
countered in  1839,  in  mid-ocean,  in  the  antarctic  regions,  many 
handred  miles  from  any  known  land,  sailing  northwards,  with  a 
large  erratic  block  firmly  frozen  into  it.  In  order  to  anderatand  in 
what  manner  long  and  straight  grooves  may  be  cut  by  such  agency, 
we  must  remember  that  these  floating  islands  of  ice  have  a  singular 
steadiness  of  motion,  in  consequence  of  the  larger  portion  of  their 
bulk  being  sunk  deep  under  water,  so  that  they  are  not  perceptibly 
moved  by  the  winds  and  waves  even  in  the  strongest  gales.  Many 
hod  supposed  that  the  magnitude  commonly  attributed  to  icebei^s 
by  unncientific  navigators  was  exaggerated,  but  now  it  appears  that 
the  popular  estimate  of  their  dimensions  has  rather  fallen  within 
than  beyond  the  truth.  Many  of  them,  carefully  measured  by  the 
officers  of  the  French  exploring  eipeditjon  of  the  Astrolabe,  were 
between  100  and  225  feet  high  above  water,  and  from  2  to  5  miles 
in  length.  Captain  d'tlrville  ascertained  one  of  them  which  he  saw 
floating  in  the  Southern  Ocean  to  be  13  miles  long  and  100  feet  high, 
with  walb  perfectly  vertical.  The  submerged  portions  of  such  islands 
must,  according  to  the  weight  of  ice  relatively  to  sea-water,  be  from 
six  to  eight  times  more  considerable  than  the  part  which  is  visible, 
so  that  the  mechanical  power  they  might  exert  when  fairly  set  in 
motion  must  be  prodigious.*  A  large  proportion  of  these  floating 
masses  of  ice  are  supposed  not  to  be  derived  from  terrestrial  glaciers 

,      *  T.  L.  Hayes,  Boetoo  Joan.  Nat.  Hist.  1844. 

i,i,,,,,-..i^,Coo>^[e 


Cs.  XI.]  OBIflIN   OF  TILL.  129 

(nindples,  cb.  xv.),  but  to  be  fbnued  at  the  foot  of  cliffs  bj  the 
drifting  of  enow  from  the  land  over  the  frozen  surface  of  the  aea. 

We  know  that  in  SwitierUnd,  when  gUciers  laden  with  mad  and 
Stonea  melt  away  at  their  lower  extremity  before  reaching  the  sea, 
they  leave  whereTer  they  terminate  a  confused  heap  of  unetntdfied 
mbbbh,  called  "  a  moraine,"  composed  of  mud,  sand,  and  pieces  of  all 
the  rocki  with  which  they  were  loaded.  We  may  expect,  therefore, 
to  find  a  framation  of  the  same  kind,  resulting  from  the  liquefaction 
of  icebergs,  in  tranquil  water.  But,  should  the  action  of  a  current 
intervene  at  certain  points  or  at  certain  aeaaona,  then  the  materials 
will  be  BOTted  »  they  fall,  and  arranged  in  layers  according  to  their 
relative  weight  and  size.  Hence  there  will  be  passages  from  tiO,  as 
it  is  called  in  Scotland,  to  stratified  clay,  gravel,  and  sand,  and  inter- 
calations of  one  in  the  other. 

I  hare  yet  to  mention  another  appearance  connected  with  the 
boulder  formation,  which  has  justly  attracted  much  attention  in 
Norway  and  other  parts  of  Europe.  Abrupt  pinnacles  and  out- 
Btsndii^  ridgei  of  rock  are  ofWn  observed  to  be  polished  and  furrowed 
on  the  north  side,  or  on  the  side  facing  the  r^ion  from  which  the 
erratics  have  come ;  while  on  the  other,  which  is  usually  steeper  and 
often  perpendicular,  called  the  "lee-aide,"  such  superQcial  markings 
are  wanting.  There  is  usually  a  collection  on  this  lee-side  of 
boolders  and  gravel,  or  of  large  angular  fragments.  In  explanation 
we  may  suppose  that  the  north  side  was  exposed,  when  still  sub- 
meiged,  to  the  action  of  icebergs,  and  afterwards,  when  the  land  was 
upheaved,  of  coast  ice,  which  ran  aground  upon  shoals,  or  was  packed 
on  the  beach ;  so  that  there  would  be  great  wear  and  tear  on  the 
seaward  slope,  while,  on  the  other,  gravel  and  boulden  might  be 
heaped  up  in  a  shdtered  position. 

Northern  oriffin  of  erratiet. — That  the  erratics  of  northern  Europe 
have  been  carried  southward  cannot  be  doubted;  those  of  granite, 
for  example,  scattered  over  lai^  districts  of  Knsaia  and  Poland, 
agree  precisely  in  character  with  rocks  of  the  mountains  of  Lapland 
and  Finland ;  while  the  masses  of  gneiss,  syenite,  porphyry,  and  trap, 
strewed  over  the  low  sandy  countries  of  Fomerania,  Holstein,  and 
Denmark,  are  identical  is  mineral  characters  with  the  mountains  of 
Norway  and  Sweden. 

It  is  found  to  be  a  general  role  in  Russia,  that  the  smaller  blocks' 
are  carried  to  greater  distances  irom  their  point  of  departure  tliaa 
the  larger ;  the  distance  being  sometimes  800  and  even  1000  miles 
from  the  nearest  rocks  from  which  tbey  were  broken  off;  the  direc- 
tion having  been  irom  N.W.  to  S.E.,  or  from  the  Scandinavian 
naonntains  over  the  seas  and  low  lands  to  the  south-east.  That  its 
Bccumnlation  throughout  this  area  took  place  in  part  during  the  post- 
pliocene  period  is  proved  by  its  superposition  at  several  points  to 
Btrata  containing  recent  shells.  Thus,  for  example,  in  European 
BoBsia,  HM.  Morchison  uid  De  Vemeuil  found  in  1840,  that  the 
flat  country  between  St.  Fetersbnrg  and  Archangel,  for  a  distance 
of  600  milM,  consisted  of  horizontal  strata,  full  of  shells  similar  to 
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thoae  now  inhftbitiog  the  Arctic  sea,  on  which  rested  the  boulder 
formation,  containing  large  erratics. 

In  Sweden,  in  the  immediate  neighbourhood  of  Upeala,  I  had  ob> 
serred,  in  1834,  a  ridge  of  Btralifled  sand  and  graTel,  in  the  midst  of 
which  occars  a  layer  of  marl,  eridentl;  formed  origtoallj  at  the 
bottom  of  the  Baltic,  by  the  alow  growUi  of  the  musael,  cockle,  and 
other  marine  sheila  of  living  species  intermixed  with  some  proper  to 
fresh  water.  The  marine  sh^  are  all  of  dwarfish  siee,  like  those 
now  inhabiting  the  brackish  waters  of  the  Baltic  ;  and  the  marl,  in 
which  myriads  of  them  are  imbedded,  is  now  raised  more  than  100 
feet  above  the  level  of  the  Grnlf  of  Bothnia.  Upon  the  top  of  this 
ridge  repose  several  bnge  erratica,  censisting  of  gneiss  for  the  most 
part  nnrounded,  from  9  to  16  feet  in  diameter,  and  which  must  have 
been  brought  into  their  present  position  since  the  time  when  the 
neighbouring  gnlf  was  already  characteriited  by  its  peculiar  fauna.* 
Here,  therefore,  we  have  proof  that  the  transport  of  erratics  continued 
to  take  place,  not  merely  when  the  sea  was  inhabited  by  the  exiatiog 
testacea,  bat  when  the  north  of  Europe  had  already  assumed  that 
remarkable  feature  of  its  physical  ge<^raphy,  which  separates  the 
Baltic  from  the  North  Sea,  and  causes  the  Gulf  of  Bothnia  to  have 
only  one  fourth  of  the  aaltneas  belonging  to  the  ocean.  In  Denmark, 
also,  recent  shells  have  been  found  in  stratified  beds,  closely  associ- 
ated with  the  boulder  clay. 

It  was  stated  that  in  Russia  the  erratics  diminished  generally  in  siie 
in  proportion  as  they  are  traced  farther  &om  their  source.  Tbe 
same  observation  holds  true  in  regard  to  the  average  bulk  of  the 
Scaadinaviaa  boulders,  when  we  pursue  them  southwards,  from  the 
south  of  Norway  and  Sweden  through  Denmark  and  Westphalia. 
This  phenomenon  is  in  perfect  harmony  with  the  theory  of  ice-ialands 
floating  in  a  sea  of  variable  depth  ;  for  the  heavier  erratics  require 
icebergs  of  a  larger  size  to  buoy  them  op ;  and,  even  when  there  are 
no  stones  frozen  in,  more  than  aaven  eighths,  and  often  nine  tenths, 
of  a  mass  of  drift  ice  is  onder  water.  The  greater,  therefore,  the 
volume  of  the  iceberg,  the  sooner  would  it  impinge  on  soma  shallower 
part  of  the  sea ;  while  the  smaller  and  lighter  floes,  laden  with  finer 
mad  and  gravel,  may  pass  freely  over  the  same  banks,  and  be  carried 
to  much  greater  distances.  In  those  places,  also,  where  in  the  course 
*of  centuries  blocks  have  been  carried  southwards  by  coast-ice,  having 
been  often  stranded  and  agun  set  afloat  in  the  direction  of  a  pre- 
vailing current,  the  blocks  will  diminish  in  size  the  farther  they 
travel  from  their  point  of  departure  for  two  reasons :  first, 
because  they  will  be  repeatedly  exposed  to  wear  and  tear  by  the 
action  of  the  waves;  secondly,  because  the  largest  blocks  are  seldom 
without  divisional  planes  or  "joints,"  which  cause  them  to  split  when 
weathered.  Hence,  as  often  as  they  start  on  a  fresh  voyage,  becom- 
inc  buoyant  by  coast-ice  which  has  frozen  on  to  them,  one  portion  of 
the  mass  is  detached  from  the  rest.     A  recent  examination  (in  1BS2) 

•  See  paper  by  Uw  author,  PbH  Tram.  1835,  p.  IS. 
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of  severe]  trains  of  huge  eiratica  in  kt  42°  Sff  N.  in  the  United 
States,  in  Berkihire,  on  the  western  confines  of  Massachusetts,  has 
convinced  tne  that  this  cause  has  been  very  inflnential  both  in  re- 
dacing  the  size  of  erratics,  and  in  restoring  angularity  te  blocks 
which  would  otherwise  be  rounded  in  proportion  to  their  distance 
&om  their  original  starting  point. 

The  "northern  drift"  of  the  most  sontheru  latitudes  is  usually  of 
the  highest  antiquity.  In  Scotland  it  rests  immediately  on  the  older 
rocks,  and  is  covered  by  stratified  sand  and  clay,  usnally  devoid  of 
foesila,  bat  in  which,  at  certain  points  near  the  east  and  west  coast, 
as,  for  example,  in  the  estuaries  of  the  Tay  and  Clyde,  marine  shells 
have  been  discovered.  The  same  shells  have  also  been  met  with  in 
the  north,  at  Wick  in  Caithness,  and  on  the  shores  of  the  Horey 
Frith.  The  principal  deposit  on  the  Clyde  occurs  at  the  height  of 
about  70  feet^  but  a  few  shells  have  been  traced  in  it  as  high  as 


€54  feet  above  the  sea.  Although  a  proportion  of  between  65  or  90 
in  100  of  the  imbedded  shells  are  of  recent  species,  the  remainder 
are  nnknown;  and  even  many  which  are  recent  now  inhabit  more 
northern  seas,  where  we  may,  perhaps,  hereafter  find  living  repre- 
sentatives of  some  of  the  unknown  fossib.  The  distance  te  which 
erratic  blocks  have  been  carried  southwards  in  Scotland,  and  the 
coarse  they  have  taken,  which  is  often  wholly  independent  of  the 
present  position  of  hill  and  valley,  favours  ihe  idea  that  ice-rafts 
rather  than  glaciers  were  in  general  the  transporting  ^ents.  The 
Grampians  in  Forfarshire  and  in  Perthshire  are  from  3000  to  4000 
feet  high.  To  the  southward  lies  the  broad  and  deep  valley  of 
Strnthinore,  and  to  the  south  of  this  again  rise  the  Sidlaw  Hills  *  to 
the  height  of  IfiOO  feet  and  upwards.  On  the  highest  summits  of 
this  chain,  formed  of  sandstone  and  shale,  and  at  varions  elevations, 
are  found  huge  angular  fragments  of  mict-schist,  some  3  and  others 
15  feet  in  diameter,  which  have  been  conveyed  for  a  distance  of  at 
least  15  miles  from  the  nearest  Grampian  rocks  from  which  they 
coold  have  been  detached.  Others  have  been  left  strewed  oyer  the 
bottom  of  the  large  intervening  vale  of  Strathmore. 

*  See  sbore,  ■ection,  p.  4B. 
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Smi  farther  Bonth  on  the  Fentland  HUIb,  at  tbe  height  of  1 100  feet 
Above  the  Bea,  Mr.  MaoUren  has  obeerred  a  {ragment  of  mica-echiat 
weighing  from  8  to  10  tons,  the  nearest  mosntaii)  compoaed  of  thia 
formation  being  60  miles  distant* 

The  testaceous  fanna  of  the  boolder  period,  in  SootUnd,  Ekigland, 
and  Ireland,  has  been  ebown  bj  Frof.  £.  Forbes  to  contain  a  much 
smaller  number  of  spedes  than  that  now  belonging  to  the  British 
seas,  and  to  have  been  also  much  less  rich  in  species  than  the  Older 
Pliocene  fanna  of  the  crag  which  preceded  it.  Tet  the  species  are 
nearly  all  of  them  now  living  either  in  the  British  or  more  northern 
seas,  the  shells  of  more  arctic  latitudes  being  the  most  abundant  and 
the  most  wide  spread  tbronghoat  the  entire  area  of  the  drifl  from 
north  to  sontli. 

This  extensive  range  of  the  fossils  can  hy  no  means  be  explained 
hj  imagining  the  mollnsca  of  the  drift  to  have  bees  inhabitants  <£  a 
deep  sea,  where  a  more  uniform  temperature  prevailed.  On  the  con- 
trary, many  species  were  littoral,  and  others  belonged  to  a  shallow 
sea,  not  above  100  feet  deep,  and  very  few  of  them  lived,  according 
to  Prof.  E.  Forbes,  at  greater  depths  than  800  feet. 

From  what  was  before  stated  it  will  qipear  that  the  boulder  form*- 
tion  displays  almost  everywhere,  in  its  mineral  ingredients,  a  strange 
heten^neouB  mixture  of  the  ruins  of  adjacent  lands,  with  stones  both 
angular  and  rounded,  which  have  come  &om  pdnts  often  very  re- 
mold. Thus  we  find  it  in  our  eastern  counties,  as  in  Norfolk,  Suffidk, 
Cambridge,  Huntingdon,  Bedford,  Hertford,  Eksex,  and  Middlesex, 
containing  stones  from  the  Silurian  and  Carboniferous  strata,  and 
from  the  lias,  oolite,  and  chalk,  all  with  their  peculiar  fossils,  together 
with  trap,  syenite,  DUca-scluBt,  granit^  and  other  crystalline  rocks. 
A  fine  example  of  this  ^gular  mixture  extends  to  the  very  enbarfaa 
of  London,  being  seen  on  the  summit  of  Moswell  TT'll,  Highgat& 
But  south  of  London  the  northern  drift  is  wanting,  as,  for  example, 
in  the  Wealds  of  Surrey,  Kent,  and  Sussex. 

Norfolk  dr0. — The  drift  can  nowhere  be  studied  more  advan- 
tageously in  England  than  in  the  cliffs  of  the  Norfolk  coast  between 
Happisburgh  and  Cromer.  Vertical  sections,  having  an  ordioaty 
height  of  from  50  to  70  feet,  are  there  exposed  to  view  for  a  distanoe 
of  about  20  miles.  The  name  of  dihivium  was  formerly  given  to  it 
by  tiiose  who  supposed  it  to  have  been  produced  by  the  violent  action 
of  a  sudden  and  transient  delugcv  but  the  term  drift  has  been  soIk 
stitnted  by  those  who  r^ect  this  faypotheais.  Here,  as  elsewhere,  it 
consists  for  the  most  part  of  day,  loam,  and  sand,  in  part  stratified, 
in  part  devoid  of  stratification.  Pebbles,  t(^ether  with  some  la^;e 
boulders  of  granite,  porphyry,  greenstone,  lias,  chalk,  and  otbra 
transported  rocks,  are  interspersed,  espedally  through  the  till.  That 
some  of  the  granitic  and  other  fragments  came  frwn  Scandinavia  I 
have  no  doubt^  after  having  myself  traced  the  course  of  the  conti- 
nuous stream  of  blocks  from  Norway  and  Sweden  to  Denmark,  and 
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KTMS  the  £lbe,  throngii  Weitptutlia,  to  the  borders  of  Holland.  We 
need  not  be  anrprised  to  find  them  reappekr  on  our  eastern  coast 
between  the  Tweed  and  the  Thames,  regions  not  half  so  remote 
Iran  parts  of  Norway  as  are  m&nj  Russian  erratics  from  the  source! 
whence  thejr  came. 

White  cfulk  rabble,  unmixed  with  foreign  matter,  and  eren  huge 
&igments  of  solid  chalk,  also  occur  in  manj  localities  in  tbese  Norfolk 
cliSk  Ko  fossils  have  been  detected  in  this  drift  which  can  posi- 
tiveljr  be  referred  to  the  era  of  its  accumulation  ;  bat  at  some  points 
it  oTwlies  a  freshwater  formation  contuning  recent  shells,  and  at 
others  it  is  blended  with  the  same  in  such  a  manner  as  to  force  us  to 
eonchide  that  both  were  contemporaneous!;  deposited. 


burauttoi  of  I 


This  interstratiflcatibn  is  expressed  in  the  annexed  figure,  the  dark 
Bias  indicating  the  position  of  the  freshwater  beds,  which  conttun 
DDch  vegetable  matter,  and  are  divided  into  thin  lajers.  The  im- 
bedded shells  belong  to  the  genera  Planorbu,  Lymnea,  Paludina, 
Vkio,  Qieliu,  and  others,  all  of  British  species,  except  a  minute  Pa- 
Mmo  now  inhabiting  France-    (See  fig.  1 17.) 


The  Cs/elat  (fig.  118.)  is  merely  a  remarkable  variety  of  the  com- 
mon English  species.  The  scales  and  teeth  of  fish  of  the  genera 
Rke,  Fercb,  Boach,  and  others,  accompany  these  shells;  bat  the 
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species  ue  not  considered  by  M.  AgMsia  to  be  identicsl  with  known 
British  or  Earopeen  kinds. 

The  series  of  formatioiis  in  the  cliffi  of  eutem  Norfolk,  now  nnder 
consideration,  beginning  with  the  lowest,  is  as  follows ;  —  Firat, 
chalk ;  secondly,  patches  of  a  marine  tertiary  formation,  ulled  th« 
Norwich  Crag,  hereafter  to  be  described ;  thirdly,  the  freshwater 
beds  already  mentioDed ;  and  lastly,  the  drift.  Immddiately  above 
the  chalk,  or  crag,  when  that  is  present,  ia  found  here  and  there  a 
buried  forest^  or  a  stratum  in  which  the  stools  and  roots  of  treea  stand 
in  tiieir  natnral  positios,  the  trunks  baring  been  brokea  short  off  and 
imbedded  with  their  branches  and  leaves.  It  ia  Tery  remarkable 
that  the  strata  of  the  overlying  boolder  formation  have  often  under- 
gone great  derangement  at  points  where  the  aubjacent  forest  bed  and 
chalk  remiun  undiBturbed.  There  are  also  cases  where  the  npper 
portion  of  the  boulder  deposit  has  been  greatly  deranged,  while  the 
lower  beds  of  the  sune  have  contioaed  horizont^  Thns  the  an- 
nexed section  (fig.  119.)  represents  »  diff  about  50  feet  high,  at  the 
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bottom  of  which  is  tili,  or  nnstratifled  clay,  containing  bonlder^ 
having  an  even  horizontal  sarface,  on  which  repose  conformably  beds 
of  laminated  clay  and  sand  about  6  feet  thick,  which,  is  their  turn, 
are  succeeded  by  vertical,  bent,  and  contorted  layers  of  sand  and  loam 
20  feet  thick,  the  whole  being  covered  by  flint  gravel.  Now  the 
carves  of  the  variously  coloured  beds  of  locee  sand,  loam,  and  pebbles 
are  so  crapplicated  that  not  only  may  we  sometimes  find  portions  of 
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ibem  vhich  muDtkin  their  verticality  to  a  height  of  10  or  15  fe«t, 
bat  tbej  have  also  been  folded  upon  themeelves  in  such  a  maimer 
dut  coBtinnoDB  lasers  might  be  thrice  pierced  in  one  perpendicular 

At  some  points  there  ia  an  apparent  folding  of  the  beds  round  a 
ceDtral  Qaclena,  as  at  a,  fig.  120.,  where  the  strata  seem  bent  round 
t  miAl]  mass  of  chalk ;  or,  as  in  fig.  121.,  where  the  blue  claj.  No.  1., 
is  in  the  centre;  and  where  the  other  Btrata,  2,  3,  4,  5,  are  coiled 
romid  it ;  the  entire  masii  being  20  feet  in  perpendicular  height. 
This  ^ipearance  of  concentric  arrangement  around  a  nucleus  is, 
iKTerUielesa,  delusiTe,  being  produced  b;  the  intersection  of  beds 
beat  ioto  a  cosvex  shape  ;  and  that  which  seems  the  nucleus  being,  in 
bet,  the  innermost  bed  of  the  series,  which  has  become  partially 
Tinble  hj  the  removal  of  the  protuberant  portions  of  the  outer  layers. 

To  the  north  of  Gicaaei  are  other  fine  illustrations  of  contorted 
drift  reposing  on  a  £oor  of  chalk  horizantally  stratified  and  having 
a  lerel  surface.  These  phenomena,  in  themselves  sufficiently  difiicult 
of  eiplsDation,  are  rendered  still  m(»v  anomalous  by  the  occasional 
tockMnre  in  the  drift  of  huge  fragments  of  chalk  many  yards  in  dia- 
meter. One  striking  instance  occurs  west  of  Sherringham,  where 
an  enonaoog  pinnacle  of  chalk,  between  70  and  80  feet  in  height,  is 
flanked  oo  both  sides  by  vertical  lasers  of  loam,  day,  and  gravel. 
(Fig.  122.) 


This  chalky  fragment  is  only  one  of  many  detached  masses  which 

ve  been  included  in  the  drift,  and  forced  along  with  it  into  their 

present  position.     The  level  surface  of  the  chalk  in  rift*  (d)  may  be 

•raced  for  miles  along  the  coast,  where  it  has  escaped  the  violent 

Diovements  to  which  tiM  incumbent  drift  has  been  exposed.' 

*  For  &  foil  account  of  the  drift  of  East  Horfolk,  lee  a  paper  hj  tht  author,  FML 
U^.  No.  104.Haj,lB«a 
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Ve  ire  called  upon,  theo,  to  expUin  how  uij  force  can  fa&ve  been 
exerted  ogunst  the  tipper  mUBes,  bo  u  to  prodace  morementa  in 
which  the  anbjftceat  strata  have  not  puticipsted.  It  ma;  be  an- 
swered that,  if  we  conceive  the  till  aod  ita  boulden  to  have  been 
drined  to  their  preseat  place  b;  ice,  the  lateral  pressure  maj  have 
been  Bupplied  b;  the  atranding  of  ice-islands.  We  leam,  from  the  ob- 
servations of  Messrs.  Dease  and  Simpson  in  the  polar  r^ona,  that 
Buchislanda,  whentbeyran  agroand,  push  before  them  largemoondsot 
shingle  and  sand.  It  is  therefore  probable  that  thej  often  cause  great 
alterations  in  the  arrangemeot  of  pliant  and  incoherent  strata  forming 
the  npper  part  of  shoala  or  aabmerged  banks,  the  inferior  portions  of 
the  same  remaining  unmoved.  Or  maaj  of  the  complicated  curva- 
tures of  these  layers  of  loose  sand  and  gravel  may  have  been  due  to 
another  canse,  the  melting  on  the  spot  of  Icebergs  and  coast  ice  in 
which  Buccessive  deposits  of  pebbles,  sand,  ice,  snow,  and  mad,  to- 
gether with  hage  masses  of  rock  fallen  from  cliffs,  may  have  become 
interstratifled.  Ice-islands  so  constituted  often  capsize  when  afloat, 
and  gravel  once  horizontal  may  have  assumed,  before  the  associated 
ice  was  melted,  an  inclined  or  vertical  position.  The  packing  of  ice 
forced  up  on  a  coast  may  lead  to  similar  derangement  in  a  frosoi 
conglomerate  of  Band  or  shingle,  and,  as  Mr.  Trimmer  has  suggested*, 
alternate  layers  of  earthy  matt^  may  have  sunk  down  slowly  during 
the  liquefaction  of  the  intercalated  ice,  so  as  to  assume  the  most  fan- 
tastic and  aniHnalous  positions,  while  the  strata  below,  and  theoe 
afterwards  tlirown  down  above,  may  be  perfectly  horizontal 

There  is,  however,  sdll  another  mode  in  which  some  of  theaa 
bendings  may  have  been  produced.  When  a  rulway  embankment  is 
thrown  across  a  marsh  or  across  the  bed  of  a  drained  lake,  we  fice- 
quently  And  that  the  foundation,  consisting  of  peat  and  shell-marl,  or 
of  quicksand  and  mad,  gives  way,  and  sinks  as  fast  as  the  embank- 
ment is  raised  at  the  top.  At  the  same  time,  there  is  often  seen  at  the 
distance  of  many  yards,  in  some  neighbouring  part  of  the  morass,  a 
squeezing  up  of  pliant  strata,  the  amount  of  upheaval  depending  <« 
the  volume  and  weight  of  materials  heaped  upon  the  embankment. 
In  1652  I  saw  a  remsrkable  instance  of  such  a  downward  and 
lateral  pressure,  in  the  suburbs  of  Boston  (U.  S.),  near  tJie  South 
Cove.  With  a  view  of  coovertiog  part  of  an  estuary  overflowed  at 
high  tide  into  dry  land,  they  had  thrown  ioto  it  a  vast  load  of  stooea 
and  sand,  upwards  of  900,000  cubic  yards  in  volume-  Under  this 
weight  the  mud  had  sunk  down  many  yards  vertically.  Meanwhile 
the  adjoining  bottom  of  the  estuary,  supporting  a  dense  growth  of  salt- 
water plants,  only  visible  at  low  tide,  had  been  pushed  gradually 
upward,  in  the  course  of  many  months,  so  as  to  project  five  or  six 
feet  above  high  water  mark.  Ihe  npnused  mass  was  beat  into  fiveor 
six  anticlinal  folds,  and  below  the  upper  layer  of  turf^  consisting  of 
salt-marsh  plants,  mud  was  seen  above  the  level  of  high  tide,  full  of 
sea  shells,  such  as  Mya  arenaria,  Afodiola  plicatuia,  Satiguinolaria 

*  Qaut.  Joorn.  GeoL  Soc  voL  vii.  p.  33. 
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fWcn,  Natta  oiiolela,  Natica  triseriata,  ind  others.  In  Bcmie  of 
these  cnrred  beds  tlie  layera  of  shells  were  quite  verticaL  The  up- 
nuaed  area  was  75  feet  wide,  and  several  hundred  yardalong.  Were 
an  equal  load,  melted  out  of  icebergs  or  coast-ice,  thrown  down  on 
the  floor  of  a  aea,  oonsistiag  of  soft  mnd  and  sand,  limlUr  disturb- 
ances and  contortiona  might  result  in  some  at^acent  pUant  strata, 
jet  the  nnderlTing  more  solid  rocks  might  remain  nndistarbed,  and 
newer  fonnations,  perfectly  horizoatal,  might  be  afterwards  snper- 
imposed. 

A  bnried  forest  has  been  adverted  to  as  underlying  the  drift  on  the 
coast  of  Norfolk.  At  the  time  when  the  trees  grew,  there  must  have 
been  dry  land  over  a  large  area,  which  was  afterwards  submerged,  so 
as  to  allow  a  mass  of  stratified  and  unstratified  drift,  ZOO  feet  and 
more  in  thickness,  to  be  superimposed.  The  undermining  of  the 
clidb  by  the  sea  in  modem  times  has  enabled  as  to  demonstrate, 
beyond  all  donbt,  the  fact  of  this  superposition,  and  that  the  forest 
was  not  formed  along  the  present  coast-lino.  Its  situation  implies  a 
subsidence  of  several  hundred  feet  since  the  commencement  of  the 
drift  period,  after  which  there  must  have  been  an  upheaval  of  the 
same  ground ;  for  the  forest  bed  of  Norfolk  is  now  again  so  high  as 
to  be  exposed  to  view  at  many  points  at  low  water;  and  this  same 
upward  movement  may  expl^  why  the  tiU,  which  is  conceived  to 
have  been  of  submarine  origin,  is  now  met  with  far  inland,  and  on  the 
annimit  of  hills. 

The  boulder  formation  of  the  west  of  England,  observed  in  Imo- 
cashir^  Cheshire,  Shropshire,  Staffordshire,  and  Worcestershire,  con- 
tuns  in  some  places  marine  shells  of  recent  species,  rising  to  various 
heights,  ftom  100  to  350  feet  above  the  sea.  The  erratics  have  come 
partJ^  from  the  mountuns  of  Cumberland,  and  partly  from  those  of 
Scotland. 

But  it  is  on  the  mountains  of  North  Wales  that  the  "  Nortbem 
drift,"  wiUi  its  characteristic  marine  fossils,  reaches  its  greatest  alti- 
tude. On  Moel  Tryfane,  near  the  Menai  Straits,  tSx.  Trimmer  met 
with  shells  of  the  species  commonly  found  in  the  drift  at  the  height 
of  1392  feet  above  the  level  of  the  sea. 

It  is  remarkable  that  in  the  same  neighbourhood  where  there  is 
evidence  of  so  great  a  submergence  of  ttie  land  during  part  of  the 
glacial  period,  we  have  also  the  most  decisiTe  proofs  yet  discovered 
in  the  British  Isles  of  sub-serial  glaciers.  Dr.  Buckland  published 
in  1842  his  reasons  for  believing  that  the  Snowdonian  mountains  in 
CaeraarvoQihire  were  formerly  covered  with  glaciers,  which  ra- 
diated &om  the  central  heights  through  the  seven  principal  valleys 
<^  that  chain,  where  stri»  and  flutings  are  seen  on  the  polished  rocks 
directed  towards  as  many  different  points  of  the  compass.  He  also 
described  the  "  moraines  "  of  the  ancient  glacien^  and  the  rounded 
"  bosses "  or  small  flattened  domes  of  polished  rock,  such  as  the 
action  of  moving  glaciers  is  known  to  produce  in  Switzerland,  when 
gravel,  sand,  and  boulders,  underlying  the  tee,  are  forced  along  over 
a  foundation  of  bard  stone.     Mr.  Darwin,  and  subsequently  Prof. 
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BamSftj,  have  conflrmed  Dr.  BuckUnd's  viewa  in  regard  to  these 
Welsh  glaciers.  Nor  indeed  wu  it  to  be  expected  that  geologists 
should  discover  proofs  of  icebei^s  having  ftbouiided  in  the  area  now 
occupied  by  the  BritiBh  Isles  in  the  Pleistocene  period  without  some- 
times meeting  with  the  signs  of  contemporaneous  glftciers  which 
oorered  bills  even  of  moderate  cleratioii  between  the  50th  and  60th 
degrees  of  latitude. 

In  Ireland  the  "  drift "  exhibits  the  same  general  characters  and 
fossil  remains  as  in  Scotland  and  England  ;  bat  in  the  soathem  part 
of  that  island,  Prof.  K  Forbes  and  Capt.  James  fonnd  in  it  some 
shells  which  show  that  the  glacial  sea  communicated  with  one  in- 
habited b;  a  more  soathem  fauna.  Among  other  species  in  the 
south,  Oiej  mention  at  Wexford  and  elsewhere  the  occurrence  of 
Simula  Cobboldia  (see  fig.  125.  p.  156.)  and  TttrrUella  inerastata 
(a  crag  fossil) ;  also  a  soathem  form  of  Funa,  and  a  MUra  allied  to 
a  Spaoish  species.* 


CHAPTER  XIL 


JiHicaSijoT  Intcrpceting  Ilie  i^unomeiw  of  drift  b«<bn  tb«  gUcii]  IsTpotheaa  wm 
adopted — Gficcta  of  inteoae  cold  in  angmeottog  the  qiuuitit;  of  alfaiTJiaii — 
Analogy  of  ccntim  and  Kocti  toekt  la  Nonli  Amarica  and  Edtoim  —  Bajfiald 
on  Bbells  in  drift  ofCauftda — Qreat  gobmdenct  tod  re-elevatioii  of  land  fit>mtbe 
■ea,  rsqcired  to  aecomit  tar  gUoial  appeanncei — Whj  organic  Temains  bo  nre 
In  noitiiem  drift  — HaKodon  ^gBDl«iia  in  United  Stslei  —  Many  abella  and 
■oae  qoadrnpedi  nrrived  the  gladal  cold — Alp*  aa  iodepatdent  Motie  of 
diipeiuon  of  emtid  — Alpina  blocki  <»  the  Jm — Whothar  tnmpnted  by 
g^adets  or  floating  ke — Beccmt  tnuupcstatiiKt  of  etratk*  &ota  the  Andei  to 
Chiloe— Meteorite  in  Amatio  drift. 

It  will  appear  from  what  was  said  in  the  last  chapter  of  the  marine 
shells  characterizing  the  boulder  formation,  that  nine-tenths  or  more 
of  them  belong  to  species  still  living.  The  aaperficial  position  of 
"  the  drift"  is  in  perfect  accordance  with  its  imbedded  organic  re- 
mains, leading  ns  to  refer  its  origin  to  a  modem  period.  I^  then, 
we  encounter  so  mnch  difficulty  in  the  interpretation  of  monomenls 
relating  to  times  so  near  onr  own — if  in  spite  of  their  recent  date 
thej  are  involved  in  so  much  obscnri^ — the  student  may  ask,  not 
withont  reasonable  alarm,  how  we  can  hope  to  decipher  the  records 
of  remoter  ages. 

To  remove  from  the  mind  as  far  as  possible  this  natural  feeling  of 
discouragement,  I  shall  endeavour  in  this  chapter  to  prove  that  wh&t 
seems  most  strikingly  oaomoloas,  in  the  "  erratic  formation,"  as  some 
call  it,  is  really  the  result  of  that  gUcial  action  which  has  already  been 

*  Forbes,  Memoin  of  QtoL  Surrey  of  Orett  Britain,  vol  i.  p.  377. 
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winded  to.  If  so,  it  vu  to  be  expected  that  BO  long  u  the  true  origin 
of  so  singnltur  a  deposit  remained  nndisooyered,  erroneomi  theories  uid 
terms  would  be  invented  in  the  effort  to  solve  tbe  problem.  These 
inventioos  would  ineviteblj  retard  the  reoepdon  of  more  correct 
views  which  a  wider  field  of  obserration  might  afterwards  suggest. 

The  term  "  dilnrinm "  was  for  a  time  the  popular  name  of  the 
boulder  formation,  because  it  was  referred  b;  some  to  the  deluge, 
while  others  retained  the  name  as  expreesire  of  tbeir  opinion  that  a 
series  of  diluvial  wares  raised  b^  hurricanes  and  stonns,  or  byearth- 
qo^es,  or  by  the  sndden  npheayal  of  land  from  the  bed  of  the  sea, 
had  swept  om  the  continents,  canying  with  them  vast  masses  of 
mud  and  heavy  stones,  and  forcing  these  stones  orer  rocky  sorfaoM 
so  as  to  polish  and  imprint  npon  them  loi%  furrows  and  strin. 

But  no  OKplanation  was  offered  why  such  agency  sbonid  have  been 
developed  more  euK^etically  in  modem  times  than  at  former  periods 
td  the  earth's  history,  or  why  it  should  be  displayed  in  its  fullest 
intensi^  in  northern  latitudes ;  for  it  is  important  to  insist  on  the 
&ct,  that  the  boulder  formation  is  a  iiorMcra  pbenomraion.  Even 
the  southern  extension  of  the  diif^  «■  fbe  large  erratics  fbimd  in  the 
Alpa  and  the  Burronnding  lands,  especiaQy  their  oconnence  round 
the  highest  parts  of  the  chain,  offers  such  an  exception  to  the  general 
rule  as  ccmflrms  the  glacial  hypothesis ;  for  it  shows  that  the  trans- 
portation  of  stony  firagments  to  great  distances,  and  tbe  stariadon, 
polishing,  and  groovii^  of  solid  floors  of  rook,  are  here  again  intimately 
connected  with  accmnularions  of  perennial  snow  and  ice. 

That  there  is  some  intimate  connection  between  a  cold  <^  mHthem 
climate  and  the  varioos  geological  appearances  now  commonly  called 
glacial,  cannot  be  doubted  by  any  one  who  has  compared  the  countries 
bordering  the  Baltic  with  those  surroundiag  the  Mediterranean.  The 
•moothing  and  striation  of  rocks  and  erratics,  are  traced  from  the 
sea-sbore  to  the  height  of  8000  feet  above  the  level  of  the  Baltic, 
whereas  such  phenomena  are  wholly  wanting  in  countries  bordering 
&&  Mediterranean ;  and  their  absence  is  still  more  marked  in  the 
equatorial  parts  of  Asia,  Africa,  and  Amraica;  but  when  we  cross 
tbe  sontheni  tropic,  and  reach  Chill  and  Patagonia,  we  again  en- 
counter  the  boulder  formation,  between  the  latitude  41°  S.  and  Cape 
Horn,  with  precisely  tbe  same  characters  which  it  assumes  in  Europe. 
The  evidence  as  to  climate  derived  from  tbe  organic  remains  of  tbe 
drift  is,  as  we  have  seen,  in  perfect  humony  with  the  conclusions 
above  alluded  to,  tbe  former  lu^bits  of  the  species  of  mollusca  being 
accurately  ascertainable,  inasmuch  as  they  belong  tospecies  still  living, 
and  known  to  have  at  present  a  wide  range  in  northern  seas. 

Bat  if  we  are  correct  in  assuming  that  the  northern  hemisphere 
was  considerably  colder  than  now  during  the  period  under  considera- 
tion, owing  probably  to  the  greater  area  and  height  of  arctic  lands, 
and  to  the  quantity  of  icebergs  which  sucb  a  geographical  state  of 
things  would  generate,  it  may  be  well  to  reflect  before  we  proceed 
farther  on  the  entire  modification  which  extreme  cold  would  produce 
in  tbe  operation  of  those  canses  spoken  of  in  the  sixth  chapter  as 
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most  ftctive  in  the  fomuttim  of  ftOnTinm.  A  Urge  pirt  of  tbe 
materiftla  derived  from  the  detritus  of  rocks,  which  in  mum  climMee 
would  go  to  form  delt&s,  or  wonld  be  regnlftrlj  stntifled  hj  maiine 
GurreDta,  would,  under  krctic  inflnences,  ssatime  ft  auperfiinBl  and 
alluTiftl  character.  Instead  of  mud  being  emrried  futher  from  ■ 
coast  than  sand,  and  sand  farther  out  than  pebbles, — instead  of  dense 
atratified  maasea  being  he^»ed  up  in  limited  areas,  along  the  borden 
of  continentB, — nearly  the  whole  materials,  whether  coarse  or  fin^ 
wonld  be  conrejred  hj  ice  to  equal  distances,  and  fange  fiagmenU^ 
whieh  water  alone  could  never  more,  would  bo  borne  for  hundreds 
of  miles  without  having  their  edgea  worn  or  fractured :  and  the  earthy 
and  atony  maaaes,  when  melted  ont  of  ihe  frosen  rafti,  would  be 
scattered  at  random  orer  the  sabmarine  bottom,  whether  on  moun- 
tain tops  or  in  low  plains,  with  scarcely  any  relation  to  the  inequal- 
itjea  of  the  ground,  settling  on  the  crests  or  ridges  of  hills  in  tranquil 
water  as  readily  as  in  valleys  and  ravines.  Occasionally,  in  those 
deep  and  oninhabited  parts  of  the  ocean,  never  reached  by  any  but 
the  finest  sediment  in  a  normal  state  of  things,  the  bottom  would 
become  densely  overspread  by  gravel,  mud,  and  bonldsrs. 

In  the  Western  Hemisphere,  both  in  Canada  and  as  far  south  as 
the  40th  and  even  S6th  parallel  of  latitude  in  the  United  States,  wa 
meet  with  a  repetition  of  all  the  pecnliaritiea  which  distinguish  the 
European  boulder  formation.  Fragments  of  rock  have  travelled  for 
great  distances  from  north  to  south :  the  surface  of  lite  subjacent  rock 
is  smoothed,  striated,  and  finted  *,  nnstratifled  mud  or  HU  cont^ning 
boulders  is  associated  with  strata  of  loam,  sand,  and  clay,  nanally 
devoid  of  fossils.  Where  shells  are  present,  ibsf  are  of  spedee  stiU 
livijig  in  northern  seas,  and  half  of  them  identical  with  those  already 
enumerated  as  belonging  to  European  driil  10  d^rees  of  latitude 
fartiier  north.  The  fauna  also  of  tibe  glacial  epoch  in  North  America 
is  less  rich  in  speciee  than  tliat  now  inhabitii^  the  adjacent  seat 
whether  in  the  Gulf  of  St  Lawrence,  or  off  the  shores  of  Maine^  or 
in  the  Bay  of  Massachusetts.  At  the  southern  extremity  of  ite 
course^  moreoTor,  it  presente  an  analogy  with  the  drift  of  the  aonth 
o£  Ireland,  by  blending  with  a  more  aouthem  founa,  as  for  example 
at  Brooklyn  near  New  Yoi^  in  lat.  41°  N.,  where,  according  to  MH. 
Bedfleld  and  Desor,  Venut  mereeitaria  and  other  southern  spedea  of 
shells  b^n  to  occur  as  fossils  in  the  drift 

The  extension  on  the  American  continent  of  the  range  of  erratics 
daring  the  Pleistocene  period  to  lower  latitudes  than  they  reached  ia 
Europe,  ^rees  well  with  the  present  southward  deflection  of  the 
isothermal  lines,  or  rather  the  lines  of  equal  winter  temporatnre. 
It  seems  that  formerly,  as  now,  a  more  extreme  climate  and  a  more 
abundaat  supply  of  floating  ice  preruled  on  the  western  side  of  the 
Atlantic 

Another  resemblance  between  the  distributioo  of  the  drift  fbaails 
in  Europe  and  North  America  has  yet  to  be  pointed  ont  In  Nor- 
way, Sweden,  and  Scotland,  as  in  Canada  and  the  United  States, 
the  marine  shells  are  confined  to  very  moderate  elevations  above  the 
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•M  (between  100  ud  700  feet),  while  the  ernttio  blocks  uid  the 
grooved  uid  polished  anrfaoM  of  rook  extend  to  elerttionB  of  soTenJ 
dtooBUid  feet. 

I  described  in  1889  tbe  foul  ehells  coUeeted  hj  Cmptain  Bayfield 
from  BtratK  of  drift  at  Beanport  nesr  Qoebec,  in  Ut  47°,  and  drew 
from  them  the  inference  that  tliej  indicated  a  mwe  northeni  climate, 
the  ahells  agreeing  in  gieat  part  with  those  of  Udderalla  in  Sweden.* 
The  shelly  beds  attain  at  Beavport  and  the  noighbourliood  »  height 
of  200,  30(^  and  Mmetimes  400  feet  abore  the  sea,  and  dispersed 
through  some  <tf  them  are  large  bonlders  of  granite,  which  conld  not 
have  been  propelled  by  a  violent  ctinent^  because  the  acoompanyiog 
fragile  ihelli  are  almost  all  entire.  They  seem,  therefore,  saidCaptain 
Bayfield,  writing  in  1S38,  to  hare  been  dropped  down  from  melting 
ice,  like  similar  stones  which  are  now  annually  deposited  in  the 
St  Lawrence,  f  I  visited  this  locality  in  1812,  and  made  the  annexed 
•ectaoo,  fig.  123.,  which  will  give  an  idea  of  the  general  positi<m  of 


K.  Mr.  Mail  tmmt.  *■  Drift,  wMh  bouUiri  of  ijcnlta.  tc. 

*.   a>T  ud  und  or  Uflwr  immdi,  wlih  c.  Y'Dow  unJ. 

Smriemt,  la.  t.  UnlnilBd  e\tj.  U  t«it  thick. 

tbe  drift  in  Canada  and  the  United  States.  I  imagine  Aat  the  whole 
of  the  valley  B  was  once  filled  np  with  the  beds  b,  e,  d,  e,  /,  which  were 
deposited  daring  a  period  of  nibsidence,  and  that  subsequently  the 
higher  country  (A)  was  sabmei^ed  and  overspread  with  drift.  The 
partial  re-excavation  of  B  took  place  when  this  region  was  again 
uplifted  above  the  sea  to  its  present  height  Among  the  twenty-three 
species  of  fossil  shells  collected  by  me  &om  these  beds  at  Beanport, 
idl  were  of  recent  northern  spedes,  except  one,  which  is  unknown  as 


^    #> 


living,  and  may  be  extinct  (see  flg.  124.).     I  also  examined  the  same 
formatioB  farther  up  the  vallej  ^  tbe  Sk  Lawrence,  in  the  suburbs 

*  0«oLTnnii2ilKrie«,TCiLvt  p.  I3&  dieDioflhe  Scotch  I^eiftocene  depociu. 
Hr.  Smith  ol  Jordanhill  had  uriTed  M  t  FroccBdiiiKi  oT  Qeol  Boc  Ho.  68. 
•inularcoiidnnomu  to  climate  from  Ihe    p.  lis. 
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of  Montreal,  where  u>me  of  the  beds  of  loam  are  filled  with  great 
nnmbers  of  the  MtftUut  edulu,  or  our  common  European  mnssel, 
retaining  botb  its  TslreB  and  purple  colour.  This  shelly  deposit 
containing  Saxicma  ruffota  and  other  characteristic  marine  shells^ 
also  occurs  at  an  elevated  point  on  the  mountain  of  Montreal,  450  feet 
above  the  level  of  the  sea.* 

In  my  accoont  of  Canada  and  the  United  States,  published  in  ISiS, 
I  announced  the  conclnnon  to  which  I  had  then  arrived,  that  to 
explain  the  position  of  the  erratics  and  the  polished  surfaces  of  roeks^ 
and  their  strin  and  flutingB,  we  mast  assume  first  a  gradual  sab- 
mergence  of  the  land  in  North  America,  after  it  had  acquired  its 
present  outline  of  hill  and  valley,  cliff  and  ravine,  and  then  its 
re-emergence  from  the  ocean.  When  the  land  was  slotvlj  sinkings 
the  sea  which  bordered  it  was  covered  with  islands  of  fioating  ice 
coming  from  the  north,  which,  as  they  grounded  on  the  coast  and  on 
shoals,  pushed  along  soch  loose  nuterials  of  sand  and  pebbles  as  lay 
strewed  over  the  bottom.  By  this  force  all  angular  and  projecting 
poiota  were  broken  oS,  and  fragments  of  hard  stone,  frozen  into  the 
lower  surface  <^  the  ice,  had  power  to  scoop  ont  grooves  in  the 
fiutgacent  solid  rock.  The  sloping  beach,  as  well  as  the  floor  of  the 
ocean,  might  be  polished  and  scored  by  this  machinery ;  but  no  fiood 
of  water,  however  violent,  or  however  great  the  quantity  of  detritus 
or  size  of  the  rocky  fragments  swept  along  by  it;  could  produce  such 
long,  perfectly  straight  and  parallel  Airrows,  as  ai«  everywhere  visible 
in  the  Niagara  district,  and  generally  in  the  region  north  of  the  40Ut 
parallel  of  latitude-f 

By  the  hypothosiB  of  such  a  slow  and  gradual  subsidence  of  the 
land  we  may  account  for  the  fact  that  almost  everywhere  in  N. 
America  and  Northern  Europe  the  boulder  formation  rests  on  a 
polished  and  furrowed  surface  of  rock, — a  fact  by  no  meana  obliging 
us  to  imagine,  as  some  think,  that  the  polishing  and  grooving  action 
was,  as  a  whole,  anterior  in  date  to  the  transportation  of  the  erratics. 
During  the  successive  depression  of  high  land,  varying  originally  in 
height  from  1000  to  3000  feet  above  the  sea  level,  every  portion  of 
the  surface  would  be  brought  down  by  turns  to  the  level  of  the  ocean, 
so  as  to  be  converted  first  into  a  coast-line,  and  then  into  a  shoal ;  and 
at  length,  after  being  well  scored  by  the  stranding  npon  it  year  after 
year  of  large  masses  of  coast- ice  and  occasional  icebergs,  might  be 
sunk  to  a  depth  of  several  hundred  fathoms.  By  the  constant  de- 
pression of  land,  the  coast  would  recede  farther  and  farther  from  the 
successively  formed  sones  of  polished  and  striated  rock,  each  outer 
zone  becoming  in  its  turn  so  deep  under  water  as  to  be  no  longer 
grated  upon  by  the  heaviest  icebergs.  Such  sunken  areas  wonld 
then  simply  serve  as  receptacles  of  mud,  sand,  and  boulders  dropped 
from  melting  ice,  perhaps  to  a  depth  scarcely,  if  at  all,  inhabited  by 
testacea  and  coophytes.  Meanwhile,  during  the  formation  of  the 
unstratified  and  unfosailiferous  mass  in  deeper  wafer,  the  smoothing 

*  Tnxtia  in  N.  America,  vol  il  p.  UI.  f  Ibid.  p.  99.  diqi.  lix. 

i,i,,,,,-..i^,Coo>^[e 


CkXII.]  BTRIATED  pebbles  Aire  BOnLDBBS.  143 

and  fuiTowing  of  Bhoals  and  beaches  wonld  still  go  on  elsewhere 
upon  and  near  the  coast  in  full  activitj.  If  at  length  the  Bubaidence 
should  ceftse,  uid  the  direction  of  the  moTement  of  t^  euth's  crust 
be  rerersed,  the  sunlcea  area  eovered  with  drift  would  be  slowljr 
reconTerted  into  land.  The  bonlder  depoei^  before  emei^iug,  would 
then  for  a  time  be  brought  within  the  action  of  the  warea^  tides, 
and  cturenti,  bo  that  its  upper  pialioa,  being  partially  disturbed, 
would  have  its  materiab  rearranged  and  stratified.  Streanu  also 
flowing  from  the  land  wonld  in  seme  places  throw  down  lAjvn  of 
sediment  npcm  the  till  In  that  case,  the  order  of  niperpositioD  will 
be,  flnt  and  uppermost,  sand,  loam,  koA  grarel  occasioDallj  fossili- 
ferouB ;  secondlj,  an  nnstratified  and  uofossiliferooa  mass  called  liil, 
for  the  most  part  of  much  older  date  than  the  preceding,  with  angular 
erratics,  or  with  boulders  interspersed ;  and,  thirdly,  beneath  the  whole, 
a  surface  of  polished  and  furrowed  rotik.  Such  a  succession  of  events 
seems  to  have  prevuled  very  widel;  on  both  sides  of  the  Atlantic,  the 
travelled  blocks  having  been  carried  in  general  from  the  North  Pole 
southwards,  but  monntain  chains  having  in  some  cases  served  as  inde- 
pendent centres  of  dispersion,  of  which  the  Alps  present  the  most 
Gcmspicuous  example. 

It  is  by  no  means  rare  to  meet  with  bonlders  imbedded  in  drift 
which  are  worn  fiat  on  one  or  more  of  their  sides,  the  surface  being 
at  the  same  time  polished,  furrowed,  and  striated.  They  may  have 
been  so  shaped  in  a  glacier  bef(n«  they  reached  the  sea,  or  when  tfaey 
were  fixed  in  the  bottom  of  an  icebei^  as  it  ran  aground.  We  learn 
from  Mr.  Charles  Martins  that  the  glaciers  of  Spitsbergen  project 
from  the  coast  into  a  sea  between  100  uid  400  feet  deep  ;  and  Uiat 
nombers  of  striated  pebbles  or  blocks  are  there  seen  to  disengage 
themselves  from  the  overhanging  masees  of  ice  as  they  melt,  so  as  to 
fall  at  once  into  deep  water.* 

That  they  should  retun  such  markings  when  again  opnused  above 
the  sea  ought  not  to  sarprise  us,  when  we  remember  that  rippled 
sands,  and  the  cracks  in  clay  dried  between  high  and^ow  water,  and 
the  foot-tracks  of  animals  and  rain -drops  impressed  on  mud,  and  other 
superficial  markings,  are  all  found  fossil  in  rocks  of  vorions  ages. 

On  the  other  hand,  it  is  not  difficult  to  account  for  the  absence  in 
m&ny  districts  of  striated  and  scored  pebbles  and  boulders  in  glacial 
deposits,  for  they  may  have  been  exposed  to  the  action  of  the  waves 
OD  a  coast  while  it  was  sinking  beneath  or  rising  above  the  sea.  No 
nhingle  on  an  ordinary  sea-beach  exhibits  such  strie,  and  at  a  very 
sbort  distance  from  the  termination  of  a  glacier  every  stone  in  the 
bed  of  the  torrent  which  gushes  out  from  tlie  melting  ice  is  found  to 
have  lost  its  glacial  markings  by  being  rolled  for  a  distance  even  of  ft 
few  hundred  yards. 

The  usual  dearth  of  fossil  shells  in  gladal  clays  well  fitted  to  pre- 
serve oi^anic  remains  may,  perhaps,  be  owing,  as  already  hinted,  to 
the  Absence  of  lestacea  in  the  deep  sea,  where  the  undisturbed  accu- 

■  BoUetJn  Soc  O^L  de  FMnce,  torn.  it.  Sde  ser.  p,  1  lai. 
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mnlfttioii  of  booldera  melted  out  <^  coast-ice  (ud  ieebergi  m&y  tftke 
pUce.  Inthe  JEgean  and  other  parts  of  the  Meditemneui,  the  zero  of 
animal  life^  according  to  Pn^  £.  Forbea,  is  approached  at  a  depth  of 
about  800  fathnna.  la  tropical  seas  it  would  descend  farther  down, 
just  u  vegetation  ascends  higher  on  the  mountains  of  hot  canntrieb 
Near  the  pole,  on  the  otiier  hand,  the  same  aero  would  be  reached 
much  sooner  both  on  the  hills  and  in  the  sek  If  the  ocean  was  fiUed 
with  floating  bei^  and  a  low  temperature  prevuled  in  the  nortbent 
hemisphere  during  the  glacial  periocl,  even  the  shallow  part  of  the 
sea  might  have  been  uninhabitable,  or  very  tbinlj  peopled  with  liTiog 
beings.  It  ma^  also  be  remarked  that  the  melting  of  ice  in  somw 
fiords  in  Norway  freshens  the  water  so  as  to  destroy  marine  life,  and 
famines  hare  been  caused  in  Iceland  hj  the  stranding  of  icebei^ 
drifted  from  the  Grreenlaad  coast,  which  have  required  several  yean 
to  melt,  and  have  not  onl;  injured  the  ha^  harvest  b;  cooling  tbe 
atmosphere,  bnt  have  driven  away  the  fish  from  the  shore  bj  chilling 
and  freshening  the  se^ 

If  the  cold  of  the  glacial  epoch  came  on  slowlj,  if  it  was  long 
before  it  reached  its  greatest  intensitj,  and  again  if  it  abated  gradu- 
ally, we  may  expect  to  find  the  earliest  and  latest  formed  drift  lees 
barren  of  organic  remains  than  that  deposited  during  the  coldest 
period.  We  may  also  expect  that  along  the  aontiiem  limits  of  the 
drift  during  the  whole  glad&l  epoch,  there  would  be  an  intimate 
association  of  transported  matter  of  northern  origin  with  foesil- 
besring  sediment,  whether  marine  or  freshwater,  belonging  to  more 
southern  seas,  rivers,  and  continents. 

That  in  the  United  States,  the  3fattodo»  giganietu  was  very 
abundant  oiler  tlie  drift  period  is  evident  from  the  fact  that  entire 
skeletons  of  this  animal  are  met  with  in  bogs  and  lacustrine  deposits 
occupying  hollows  in  the  drift.  They  sometimes  occur  in  the  bottom 
even  of  small  ponds  recently  drained  by  the  agriculturist  for  the  sake 
of  the  shell  marL  I  examined  one  of  these  spots  at  Geneseo  in  the 
state  of  New  York,  from  which  the  bones,  skull,  and  tusk  of  a  Mas- 
todon had  been  procured  in  the  marl  below  a  layer  of  black  peaty 
earth,  and  ascertained  that  all  the  associated  freshwater  and  land 
shells  were  of  a  speciee  now  common  in  the  same  districL  They  con- 
sisted of  several  species  of  LgtiMta,  of  PUmorbit  hiearinahu,  PhyM 

In  1845  no  less  than  six  skeletops  of  the  same  spemea  of  Mastodon 
were  found  in  Warren  Counly,  New  Jersey,  6  feet  below  the  aurCaoev 
by  a  farmer  who  was  digging  out  the  rich  mud  from  a  small  pond 
which  he  had  drained.  Five  of  these  skeletons  were  lying  tt^ther, 
and  a  lai^  part  <tf  tbe  bones  crumbled  to  pieces  as  soon  as  they  were 
exposed  to  the  air.  Bat  nearly  the  whole  of  the  other  skeleton,  which 
lay  aboat  10  feet  apart  from  the  rest,  was  preserved  entira,  and 
proved  the  correctness  of  Cuvier's  conjecture  respecting  this  extinct 
animal,  namely,  that  it  hod  twenty  ribs  like  the  living  elephant 
From  the  clay  in  the  interior  within  the  ribs,  just  where  the  ccmtents 
of  the  ttomadi  might  natnrally  have  been  looked  for,  seven  btisbels  of 
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▼egetable  matter  were  extracted.  I  aubmitted  lome  of  this  matter  to 
Hr.  A.  Henfrej  of  Londoa  for  microscopic  examiaation,  and  he 
informs  me  that  it  eonnsts  of  pieces  of  small  twigs  of  a  coniferouB 
tree  of  tbe  Cypress  family,  probably  the  young  shoots  of  the  white 
cedar,  Thuja  oecideniaiu,  still  a  native  of  J^orth  America,  on  which 
tberefore  we  may  conclude  that  this  extinct  Mastodon  once  fed. 

Another  specimen  of  the  same  quadruped,  the  most  complete  and 
probably  the  largest  ever  found,  was  eshumed  in  1845  in  the  town  of 
Kewbui^,  New  York,  the  length  of  the  skeleton  being  25  feet,  aod 
its  height  12  feet.  The  anchylosing  of  the  last  two  ribs  on  the  right 
aide  afforded  Dr.  John  C.  Warren  a  true  gauge  for  the  space  occn- 
pied  by  tbe  interrertebrate  substance,  so  as  to  enable  him  to  ibrm  a 
correct  estimate  of  the  entire  lengith.  The  tusks  when  discovered 
were  10  feet  long,  but  a  part  only  could  be  preserved.  The  large 
proportion  of  animal  matter  in  the  tusk,  teeth,  and  bones  of  some  of 
these  fossil  mammalia  is  trul;^  astonishing.  It  amounts  in  some  cases, 
as  Dr.  C.  T.  Jackson  has  ascertained  by  analysis,  to  27  per  cent. ;  so 
that  when  all  the  earthy  ingredients  are  removed  by  acids,  the  form  of 
the  bone  remains  as  perfect,  and  the  mass  of  animal  matter  is  almost 
fts  firm,  as  in  a  recent  bone  subjected  to  similar  treatment. 

It  woald  be  rash,  however,  to  infer  from  such  data  that  these  qua- 
drupeds were  mired  in  modern  times,  unless  we  nse  that  term  strictly 
in  a  geological  sense.  I  have  shown  that  there  is  a  fluviatile  de- 
posit in  the  valley  of  the  Niagara,  containing  shells  of  the  genera 
Melania,  Lymnea,  Ptanorbis,  Vaivata,  Q/elat,  Unto,  Bdix,  &c, 
all  of  recent  species,  from  which  the  bones  of  the  great  Mastodon 
have  been  taken  in  a  very  perfect  state.  Yet  tbe  whole  excavation  of 
the  ravine,  for  many  miles  below  the  Falls,  has  been  slowly  effected 
since  that  flaviatile  deposit  was  thrown  down. 

Whether  or  not,  in  assigning  a  period  of  more  than  30,000  years  for 
tfaereoessionof  the  Falls  from  Queenstown  to  their  present  site,  I  have 
over  or  under  estimated  the  time  reqnired  for  that  operation,  no  one 
cao  doubt  that  a  vast  number  of  centuries  must  have  elapsed  befrae 
so  great  a  series  of  ge<^raphical  changes  were  brought  about  as  have 
occurred  rince  the  entombm^it  of  this  elephantine  quadruped.  The 
freshwater  gravel  which  encloses  it  u  decidedly  of  much  more  modem 
origin  than  the  drift  or  boulder  clay  of  the  same  region.  * 

Other  extinct  animals  accompany  the  Maitodon  giganUut  in  the 
post-glacial  deposits  of  the  United  States,  amongwhich  the  Ccutoroidei 
ahioeniit,  Foster  and  Wyman,  a  huge  rodent  aUied  to  the  beaver, 
and  Capybara  may  be  mentioned.  But  whether  the  "loess,"  and 
other  freshwater  and  marine  strata  of  the  Southern  States,  in  which 
skeletons  of  the  same  Mastodon  are  mingled  with  the  bones  of  the 
Uegatherium,  Mylodon,  and  Uegalonyx,  were  contemporaneous  with 
the  drif%  or  were  of  subsequent  date,  is  a  chronological  question  still 
open  to  discnssion.  It  appears  clear,  however,  from  what  we  know 
of  the  tertiary  fossils  of  Europe — and  I  believe  the  same  will  hold 

*  Trardi  fn  N.  AnNrics,  toL  L  diap.  ii.,  sncl  FrindpUs  of  QeoL  cb^i.  xin 
I. 
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tnie  in  North  America — thst  mtay  specks  of  testaceft  and  some 
mammalia  which  existed  prior  to  the  glacial  epoch,  surrived  that 
era.  As  European  examples  among  the  warm-blooded  quadrupeds, 
the  Elephtu primigeniut  and  Rkinocerot  tichorkinut  may  be  mentioned. 
As  to  die  shells,  whether  freshwater,  terrestrial,  or  marine,  tbey  need 
not  be  enumerated  here,  as  allusion  will  be  made  to  them  in  the 
sequel,  when  the  pliocene  tertiary  fossils  of  SuSblk  are  described. 
The  fact  is  important  as  refuting  the  hypothesis  that  the  cold  of  the 
glacial  period  was  so  intense  and  universal  as  to  annihilate  all  living 
creatures  throughout  the  globe. 

That  the  cold  was  greater  for  a  time  than  it  is  noir  in  certain  paita 
of  Siberia,  Europe,  and  North  America,  will  not  be  disputed ;  but, 
before  we  can  infer  the  universality  of  a  colder  climate,  we  must 
ascertain  what  was  the  condition  of  other  parts  of  the  northern,  and 
of  Lbe  whole  southern,  hemisphere  at  the  time  when  the  Scandinavian, 
British,  and  Alpine  erratics  were  transported  into  their  present 
position.  It  must  not  be  forgotten  that  a  great  deposit  of  drift  and 
erratic  blocks  is  now  in  full  progress  of  formation  in  the  southern 
hemisphere,  in  a  zone  corresponding  in  latitude  to  the  Baltic,  and  to 
Northern  Italy,  Switzerland,  France,  and  England,  Should  the  nn- 
eren  bed  of  the  southern  ocean  be  hereafter  converted  by  upheaval 
into  land,  tlie  hills  and  valleys  will  be  strewed  over  with  transported 
fn^ments,  some  derived  from  the  antarctic  coniinent,  others  from 
islands  covered  with  glaciers,  like  South  Georgia,  which  must  now  be 
centres  of  the  dispersion  of  drift,  although  situated  in  a  latitude 
agreeing  with  that  of  the  Cumberland  mountains  in  England. 

Not  only  are  these  operations  going  on  between  the  45th  and  60th 
parallels  of  latitude  south  of  the  line,  while  the  corresponding  sone 
of  Europe  is  free  from  ice ;  but,  what  is  still  more  worthy  of  remark, 
we  find  in  the  southern  hemisphere  itself,  only  900  miles  distant 
from  South  Georgia,  where  the  perpetual  snow  reaches  to  the  sea- 
beach,  lands  covered  with  forest,  as  in  Terra  del  Fuego.  There  is 
here  no  difference  of  latitude  to  account  for  the  luxuriance  of 
vegetation  in  one  spot^  and  the  absolute  want  of  it  in  the  other;  but 
among  other  refrigerating  causes  in  South  Geoi^ia  may  be  enn- 
merated  the  countless  icebergs  which  float  from  the  antarctic  zone, 
and  which  chill,  as  they  melt,  the  waters  of  the  ocean,  and  the  but- 
rounding  ur,  which  they  fill  with  dense  fi^s. 

I  have  endeavoured  in  the  "Principles  of  Geology,"  chapters 
7  and  8.,  to  point  out  the  intimate  connexion  of  climate  and  the 
physical  ge<^raphy  of  the  globe,  and  the  dependence  of  the  mean 
annual  temperature,  not  only  on  the  height  of  the  dry  land,  but  cw 
its  distribution  in  high  or  low  latitudes  at  particular  epochs.  I^ 
for  example,  at  certwn  periods  of  the  past,  the  antarctic  land  was  less 
elevated  and  less  extensive  than  now,  while  that  at  the  north  pole 
was  higher  and  more  continuous,  the  conditions  of  the  northern 
and  southern  hemispheres  might  have  been  the  reverse  of  what  wa 
now  witness  in  regard  to  climate,  although  the  mount^ns  of  Scan- 
dinavia, Scotland,  and  Switzerland  may  have  been  less  elevated  than 
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U  present.  But  if  ia  both  of  the  polar  re^oa  a  considerablfl 
U«a  of  elevated  dry  land  existed,  sach  a  coDcurrence  of  refrigeradiig 
conditions  in  both  hemispheres  might  have  created  for  a  time  an  in- 
tensity  of  cold  never  experienced  since  ;  and  such  probably  was  tlie 
state  of  things  during  that  period  of  submei^ence  to  which  I  have 
alluded  in  this  chapter. 

Alpime  erratiea. —  Although  the  arctic  regions  constitute  the  great 
centre  from  which  erratics  have  travelled  southwards  in  all  directions 
in  Europe  and  North  America,  yet  there  are  some  moantuns,  as  I 
have  abeady  stated,  like  those  of  fiorth  Wales  and  the  Alps,  which 
have  served  as  separate  and  independent  centres  for  the  disperaicHi  of 
blocks.  In  illustration  of  this  fact,  the  Alps  deserve  particalar  atten- 
tion not  only  from  their  magnitude,  but  becanse  they  lie  beyond  the 
ordinary  limits  of  the  "northern  drift"  of  Europe,  being  sitaated 
between  the  44th  and  47th  degrees  of  north  latitude.  On  the  flanks 
of  these  mountains,  and  on  the  Subalpine  ranges  of  hills  or  plains 
a^oining  them,  those  appearances  which  have  been  so  often  alladed 
to,  as  distinguishing  or  accompanying  the  drift,  between  the  50th  and 
70th  paraUela  of  north  latitude,  suddenly  reappear,  to  assume  in  a 
more  southern  oonntry  their  most  exaggerated  form.  Where  the 
Alps  are  highest,  the  largest  erratic  blocks  have  been  sent  forth  ;  ss, 
for  example,  from  the  regions  of  Uont  Blanc  and  Monte  Bosa,  into 
the  adjoining  parts  of  France,  Switaerland,  Austria,  and  Italy ;  while 
in  districts  where  the  great  chain  sinks  in  altitude,  as  in  Carinthia, 
Camiola,  and  elsewhere,  no  such  rocky  fragments,  or  a  few  only  and 
of  smaller  bulk,  have  been  detached  and  transported  to  a  distance. 

In  die  year  1821,  M.  Venetz  first  announced  his  opinion  that  the 
Alpine  glaciers  must  formerly  have  extended  far  beyond  their  present 
limits,  and  the  proofs  appealed  to  by  him  in  confirmatioo  of  this 
doctrine  were  afterwards  acknowledged  by  M.  Charpenlier,  who 
strengthened  them  by  new  observations  and  arguments,  and  declared, 
in  1036,  bis  conviction  that  the  glaciers  of  the  Alps  must  once  have 
reached  as  far  aa  the  Jura,  and  have  carried  thither  their  moraines 
across  the  great  valley  of  Switzerland.  M.  Agassis,  after  several  ex- 
cursions in  the  Alps  with  M.  Charpentier,  and  atW  devoting  himself 
some  years  to  the  study  of  glaciers,  published,  in  1840,  an  admirable 
description  of  them  and  of  the  marks  which  attest  the  former  action 
of  great  masses  of  ice  over  the  entire  surface  of  the  Alps  and  the  sur- 
rounding country.  *  He  pointed  out  that  the  surface  of  every  large 
glacier  is  strewed  over  with  gravel  and  stones  detached  from  the 
sorroanding  precipices  by  frosty  rain,  lightning,  or  avalanches.  And 
he  described  more  carefully  than  preceding  writers  the  long  lines  of 
these  atones,  which  settle  on  the  sides  of  the  glacier,  and  are  called 
the  lateral  moraines ;  those  found  at  the  lower  end  of  the  ice  being 
called  terminal  moraines.  Such  heaps  of  earth  and  boulders  every 
glacier  pushes  before  it  when  advancing,  and  leaves  behind  it  when 
retreating.     When  the  Alpine  glacier  reaches  a  lower  and  wanner 

■  AgMU,  "SXaioi  taz  lea  Glscivs,  snd  Byiteme  Okdfas. 
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situation,  about  8000  or  4000  feet  abore  the  sea,  it  melts  bo  rapidl;y 
that,  in  spite  of  the  downward  movement  of  the  mass,  it  can  advance 
no  farther.  Ita  precise  Limits  are  variable  from  year  to  ^ear,  and  still 
more  so  from  ceutary  to  century ;  one  example  heing  on  record  of  ■ 
recession  of  half  a  mile  in  a  single  year.  We  also  learn  from  H. 
Tenets,  that  whereas,  between  the  eleventh  and  fifteenth  centuries,  all 
the  Alpine  glaciers  were  less  advanced  than  now,  the}r  began  in  the 
seventeenth  and  eighteenth  oentoriei  to  push  forward,  so  as  to  cover 
roads  formerly  open,  and  to  overwhelm  forests  of  ancient  growth. 

These  oscillations  enable  the  geologist  to  note  the  marks  which 
a  glacier  leaves  behind  it  as  it  retrogrades  ;  and  among  these  the  most 
prominent  as  before  stated,  are  the  terminal  moraines,  or  mounds  of 
imstratified  earth  and  stooea,  often  divided  hy  subsequent  floods  into 
hillocks,  which  cross  the  vallej  like  ancient  earth'Works,  or  embank- 
ments made  to  dam  up  a  river.  Some  of  these  transTerae  barriers 
were  formerly  pointed  out  by  Sauasnre  below  the  glacier  of  the  Bhone, 
as  proving  how  far  it  bad  once  transgressed  ita  present  boundaries. 
On  these  moraines  we  see  many  large  angular  fragments,  which, 
having  been  carried  along  on  the  surface  of  the  ice,  have  not  had 
their  edges  worn  off  by  friction ;  but  the  greater  number  of  the 
boulders,  even  those  of  large  size,  have  been  well  rounded,  not  by  the 
power  of  water,  but  by  the  mechanical  force  of  the  ice,  which  has 
pushed  them  against  each  other,  or  against  the  rocks  fiankiag  the 
valley.  Others  have  fallen  down  the  numerous  fissures  which  in- 
tersect the  glacier,  where,  being  subject  to  the  pressure  of  the  whole 
mass  of  lee,  they  have  been  forced  along,  and  either  well  rounded  or 
ground  down  into  sand,  or  even  the  finest  mud,  of  which  the  moraine 
is  largely  constituted. 

Ab  the  terminal  moraines  are  the  most  prominent  of  all  the  monu- 
ments left  by  a  receding  glacier,  so  are  they  the  most  liable  to  obli- 
teration ;  for  violent  floods  or  debacles  are  often  occasioned  in  the 
Alps  by  the  sudden  bursling  of  what  are  called  gtacier-lakes.  These 
temporary  sheets  of  water  ue  caused  by  the  damming  up  of  a  river 
by  a  glacier  which  has  increased  during  a  succession  of  cold  aeasrais, 
and  descending  from  a  tributary  into  the  main  valley,  has  crossed  it 
from  side  to  side.  On  the  iailure  of  this  icy  barrier,  the  accumulated 
waters  are  let  loose)  which  sweep  away  and  level  many  a  transverse 
moDud  of  gravel  and  loose  boulders  below,  and  spread  their  materiab 
in  confused  and  irregular  beds  over  the  river-plain. 

Aootber  mark  <^  the  former  action  of  glaciers,  in  situations  where 
tliey  exist  no  longer,  ia  the  polished,  stxiated,  and  grooved  sur&ces  of 
rocks  already  alluded  to.  Stones  which  lie  underneath  the  glacier 
and  aro  pushed  along  by  it,  sometimes  adhere  to  the  ice,  and  as  the 
mass  glides  slowly  along  at  the  rate  of  a  few  inches,  or  at  the  ubnoet 
two  or  three  feet,  per  day,  abrade,  groove,  and  polish  the  rock,  and 
the  larger  blocks  are  reciprocally  grooved  and  polished  by  the  rock 
on  their  lower  sides.  As  the  forces  both  of  pressure  and  propulsion 
are  enormous,  the  sand,  acting  like  emery,  poIlBhes  the  surface ;  the 
pebbles,  like  coarse  gravers,  scratch  and  farrow  it;  and  the  lar^ 
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stonee  scoop  out  grooves  in  it.  AiiotlieT  effect  also  of  this  action, 
not  yet  adverted  to,  is  cdled  "  roches  moutonn^es."  Projecting  emi- 
nences of  rock  ftre  smoothed  and  worn  into  the  sbape  of  flattened 
dtmies,  where  the  glaciers  hare  passed  over  them. 

Although  the  surface  of  almost  every  kind  of  rock,  when  exposed 
in  the  open  air,  wastes  away  by  decomf^osition,  yet  some  retun  for 
ages  their  polished  and  furrowed  exterior  ;  and,  if  ttiey  are  well  pro- 
tected by  a  covering  of  clay  or  turf,  these  marks  of  abrasion  seem 
capable  of  enduring  for  ever.  They  have  been  traced  in  the  Alps  to 
great  heights  above  the  present  glaciers,  and  to  great  horizontal  dis- 
tances beyond  them. 

Hiere  are  also  fonnd,  on  the  sides  of  the  Swiss  valleys,  round  and 
deep  holes  with  polished  sides,  such  boles  as  waterfalls  make  in  the 
solid  rock,  but  in  places  remote  from  rQaning  waters,  and  where  the 
ftirm  of  the  surface  will  not  permit  us  to  suppose  that  any  cascade 
could  ever  have  existed.  Similar  cavities  are  common  in  bard  rocks, 
sTich  as  gneiss  in  Sweden,  where  they  are  called  giant  ealdront,  and 
are  sometimes  10  feet  and  more  in  depth  ;  but  in  the  Alps  and  Jura 
they  often  pass  into  spoon-shaped  excavations  and  prolonged  gutters. 
We  learn  from  M.  Agassis  that  hollows  of  this  form  are  now  cut  out 
bj  streams  of  water  which,  after  flowing  along  the  surface  of  a 
glacier,  fall  into  open  fissures  in  the  ice  and  form  a  cascade.  Here  tbe 
falling  water,  causing  the  gravel  and  sand  at  the  bottom  to  rotate, 
cuts  oot  a  ronnd  cavity  in  the  rock.  Bnt  as  the  glacier  moves  on, 
the  cascade  becomes  locomotive,  and  what  would  otherwise  have 
been  a  circular  hole  is  prolonged  into  a  deep  groove.  The  form  of 
the  rocky  bottom  of  the  valley  down  which  the  glacier  is  moving  causes 
the  rents  in  the  ice  and  these  locomotive  cascades  to  be  formed 
again  and  again,  year  after  year,  in  exactly  the  same  spots. 

Another  efiect  of  a  glacier  is  to  lodge  a  ring  of  stones  round  the 
summit  of  a  conical  peak  which  may  happen  to  project  through  the  ice. 
If  the  glacier  is  lowered  greatly  by  melting,  these  circles  of  large 
angalar  fragments,  which  are  called  "perched  blocks,"  are  left  in  a 
singular  situation  near  the  top  of  a  steep  hill  or  pinnacle,  the  lower 
parts  of  which  may  be  destitute  of  boulders. 

Alpine  hlocfuonthe  Jura. — Now  some  or  all  the  marks  above 
enumerated,  —  the  moraines,  erratics,  polished  surfaces,  domes,  strife, 
caldrons,  and  perched  rocks,  are  observed  in  the  Alps  at  great  heights 
above  the  present  glaciers,  and  far  below  their  actual  extremities; 
also  in  the  great  valley  of  Switzerland,  50  miles  broad  ;  and  almost 
everywhere  on  the  Jura,  a  chain  which  lies  to  the  north  of  ibis 
valley.  The  average  height  of  the  Jura  is  about  one-third  that  of 
the  Alps,  and  it  ia  now  entirely  destitute  of  glaciers  j  yet  it  presents 
almost  everywhere  similar  moraines,  and  the  same  polished  and 
grooved  surbces  and  water-worn  cavities.  The  erratics,  moreover, 
which  cover  it,  present  a  phenomenon  which  has  astonished  and  per- 
plexed the  geologist  for  more  than  half  a  century.  No  conclusion 
ran  be  more  incontestable  than  that  these  angular  blocks  of  granite, 
gneiss^  and  other  crystalline  fbrmations,  came  from  the  Alps,  and  that 
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thej  hare  been  brooglit  for  a  disunce  of  50  miles  and  npwwrds  actosb 
one  of  the  widest  and  deepest  vallejs  of  the  world ;  bo  tliat  they  are 
now  lodged  on  the  hills  and  valley  a  of  a  chain  composed  of  limestone 
and  other  formations,  altogether  distinct  from  those  of  the  Alps. 
Ilieir  great  size  and  angularity,  after  a  journey  of  so  many  league^ 
has  justly  excited  wonder ;  for  hundreds  of  them  are  as  large  is  cot- 
tages ;  and  one  in  particular,  celebrated  mider  the  name  of  Pierre  jk 
Bot,  rests  on  the  side  of  a  hill  about  900  feet  above  the  lake  of  Neuf- 
chatel,  and  is  no  less  than  40  feet  in  diameter. 

It  will  be  remarked  that  these  blocks  on  the  Jura  ofier  an  excep- 
tion to  the  rule  before  laid  down,  as  applicable  in  general  to  erratica^ 
wnce  they  have  gone  from  south  to  north.  Some  of  the  lariat 
masses  of  granite  and  gneiss  hare  been  found  to  contain  50,000  and 
60,000  cubic  feet  of  stone,  and  one  limestone  block  at  Devena, 
near  Bex,  which  has  travelled  30  miles,  contains  161,000  cubic  fee^ 
ita  angles  being  sharp  and  unworn.* 

Yon  Buch,  Escher,  and  Stnder  have  shown,  fnmi  an  examinatioo 
of  the  mineral  composition  of  the  boulders,  that  those  on  the  western 
Jura,  near  Neufchatel,  have  come  &om  the  region  of  Mont  Blanc 
and  the  Valaia ;  those  en  the  middle  parts  of  the  Jura  from  the  Ber- 
nese Oberland ;  and  those  on  the  eastern  Jura  from  the  Alps  of  the 
small  cantons,  Glaria,  Schwyt^  Uri,  and  Zng.  The  blocks,  there- 
fore, of  these  three  great  districts  have  been  derived  from  pu^  of 
the  Alps  nearest  to  the  localitiea  in  the  Jura  where  we  now  find  tbem, 
as  if  they  had  crossed  the  great  valley  in  a  direction  at  right  angles 
to  its  length ;  the  most  western  stream  having  followed  the  coarse  of 
the  Rhone ;  the  central,  that  of  the  Aar ;  and  the  eastern,  that  of 
the  two  great  rivers,  Beuss  and  Limmat.  The  non -intermixture  of 
these  groups  of  travelled  fragments,  except  near  their  confines,  was 
always  regarded  aa  moat  enigmatical  by  thoae  who  adopted  the  opinion 
of  ^nsaure,  that  they  were  all  whirled  along  by  a  rapid  current  of 
muddy  water  ruahing  from  the  Alps. 

M.  Charpentier  first  auggested,  as  before  mentioned,  that  the  Swiss 
glaciers  once  reached  condnuonsly  to  the  Jura,  and  conveyed  to  then 
these  erratica ;  but  at  the  same  time  he  conceived  that  the  Alps  were 
formerly  higher  than  now.  H.  AgMsis,  on  the  other  hand,  instead 
of  introducing  distinct  and  separate  glaciers,  suggested  that  the  whole 
valley  of  Switserland  might  have  been  filled  with  ice,  and  that  one 
great  sheet  of  it  extended  from  the  Alps  to  the  Jura,  when  the  two 
chains  were  of  the  same  height  as  now  relatively  to  each  other.  Such 
an  hypothesis  labonra  under  this  difficulty,  that  the  difference  6f 
altitude,  when  distributed  over  a  space  of  50  miles,  gives  an  in- 
dinatton  of  no  more  than  two  degrees,  or  far  less  than  that  of  toy 
known  glaciers.  It  has,  however,  since  received  the  able  support  of 
Professor  James  Forbes,  in  his  excellent  work  on  tix%  Alps,  published 
in  1843. 

In  the  theory  which  I  formerly  advanced,  jointly  with  Mr.  Darwin  f, 
>  of  0«alogr>  >ad  «d. 
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it  WIS  luggested  that  the  erratics  mttj  ttftve  been  tr&nsferred  bj  float- 
iog  ice  to  the  Jura,  at  the  time  when  the  greater  part  of  that  chain, 
titd  the  whole  of  the  Strias  valley  to  the  south,  was  under  the  sea. 
At  that  period  the  Alps  maj  have  attuned  onl]'  half  their  present 
altitude,  and  may  yet  have  constituted  a  chain  as  lofty  as  the  Chilian 
Andes,  which,  in  a  latitudb  corresponding  to  Switzerland,  now  send 
down  glaciers  to  the  head  of  every  sound,  from  which  icebergs, 
corered  with  blocks  of  granite,  are  floated  seaward.*  Opposite  that 
put  of  Chili  where  the  glaciers  abound  is  situated  the  island  of 
Chilo^  100  miles  in  length,  with  a  breadth  of  30  miles,  running 
panllel  to  the  continent  The  channel  which  separates  it  from  the 
uab  Isnd  is  of  considerable  depth,  and  25  miles  broad.  Parts  of  its 
snr&e^  like  the  adjacent  coast  of  Chili,  are  orerspread  with  recent 
marioe  shells,  showing  an  upheaval  of  the  land  during  a  very  modem 
period ;  and  beneath  these  shells  is  a  boulder  deposit,  in  which  Mr. 
Darwin  found  large  travelled  blocks.  One  group  of  fragments  were 
of  granite  which  had  evidently  come  Ihun  the  Andes,  while  in  an- 
other place  angular  blocks  of  syenite  were  met  with.  Their  arrange- 
ment may  hare  been  due  to  successive  crops  of  icebergs  issuing  frtmi 
diffirent  sounds,  to  the  heads  of  which  glaciers  descend  from  the 
Andes.  These  icebei^s,  taking  their  departure  year  after  year  from 
distinct  points,  may  have  been  stnnded  repeatedly,  in  equally  distinct 
groups,  in  bays  or  creeks  of  Chiloe,  and  ou  islets  off  the  coast ;  so  that 
the  stMies  transported  by  them  might  hereafter  appear,  some  on  hills 
and  others  in  valleys,  should  that  country  and  the  bed  of  the  adjacent 
sea  he  ever  upheaved.  A  continuance  in  future  of  the  elevatory 
movement,  in  this  region  of  the  Andes  and  of  Chiloe,  might  cause 
the  former  chain  to  rival  the  Alps  in  altitude,  and  give  to  Chiloe  a 
height  equal  to  that  of  the  Jura.  The  same  rise  might  dry  up  the 
channel  between  Chiloe  and  the  main  land,  so  that  it  would  then 
represent  the  great  valley  of  Switzerland.  In  the  course  of  these 
changes,  all  parts  of  Chiloe  and  the  intervening  strait,  having  in  their 
torn  been  a  sea-shore,  may  have  been  polished  and  scratched  by 
coast-ice,  and  by  innumerable  icebergs  running  aground  and  grating 
on  the  bottom. 

If  we  apply  this  hypothesis  to  Switzerland  and  the  Jura,  we  are  by 
no  means  precluded  from  the  supposition  that,  in  proportion  ss  the 
land  acquired  additional  height,  and  the  bed  of  the  sea  emerged,  the 
Jan  itself  may  have  had  its  glaciers ;  and  those  existing  in  the  Alps, 
which  had  at  first  extended  to  the  sea,  may,  during  some  part  of  the 
period  of  upheaval,  have  been  prolonged  much  farther  into  the  valleys 
than  now.  At  a  later  period,  when  the  climate  grew  milder,  these 
glariers  may  have  entirely  disappeared  from  the  Jura,  and  may  have 
receded  in  the  Alps  to  their  present  limits,  leaving  behind  them  in 
both  districts  those  moraines  which  now  attest  the  greater  extension 
of  the  ic«  in  former  times-f 
*  Strwin'a  Jonrnal,  p.  28S.  blocks  of  iioat  Blanc  wen  tnnilUed  to 

t  Hare  nceotlr  Sir  'B.  Unrcbtioii,  ihe  Jora  wben  Ibc  inMnneduU  coonby 
iMtmig  icTi^ted  &e  Alps,  has  declared  ww  Dnder  irMer." — PaparTsadtoGeoL 
Ut  opiiiioii  that  "  the  gnmt   granitio    Boc.  London,  May  sa  1B4>. 
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•  Mtteoritet  in  drift — Before  concluding  my  remarks  on  the  nortii- 
ern  drift  of  the  Old  World,  I  shall  refer  to  a  fact  recently  an- 
nounced, the  discovery  of  a  meteoric  stone  at  a  great  depth  in  the 
allnTinm  of  Korthem  Asia, 

Erman,  in  hia  ArchiTea  of  Russia  for  1841  (p.  314.),  cites  a  very 
circumstantial  account  drafm  up  by  a  Russian  miner  of  the  finding 
of  a  mass  of  meteoric  iron  in  the  auriferous  alluvium  of  the  Altiu. 
Some  small  fr^pnents  of  nadve  iron  were  first  met  with  in  the  gold- 
traahings  of  Petropawlowsker  in  the  Mragsker  Circle ;  but  thoagh 
they  attracted  attention,  it  was  supposed  that  they  must  have  been 
broken  off  from  the  tools  of  the  workmen.  At  length,  at  the  depUi 
of  31  feet  S  inches  from  the  surface,  thej  dug  out  a  piece  of  iron 
weighing  17-^  pounds,  of  a  steel-grey  colour,  somewhat  harder  than 
ordinary  iron,  and,  on  analysing  it,  found  it  to  consist  of  native  iron, 
with  a  small  proportion  of  nickel,  as  usual  in  meteoric  stones.  It 
was  buried  in  the  bottom  of  the  deposit  where  the  gravel  rested 
on  a  fiaggy  limestone.  Much  brown  iron  ore,  as  well  aa  gold,  occurs 
in  the  same  gravel,  which  appears  to  be  part  of  that  extensive  aori- 
ferouR  formation  in  which  the  bones  of  the  mammoth,  the  Rhmoeerru 
tiehorhmut,  and  other  extinct  quadrnpeds  abound.  No  sul^cient  dat« 
are  aupplied  to  enable  us  to  determine  whether  it  be  of  Post-Pliocene 
or  Newer  Pliocene  date. 

We  ought  not,  I  think,  to  feel  surprise  that  we  have  not  hitherto 
succeeded  in  detecting  the  signs  of  such  aerolites  in  older  rocks ;  for, 
besides  their  rarity  in  our  own  days,  those  which  fell  into  the  sea 
(and  it  is  with  marine  strata  that  geologists  have  nsually  to  deal), 
being  chiefly  composed  of  native  iron,  would  rapidly  enter  into  new 
chemical  combinations,  the  water  and  mud  being  charged  with 
chloride  of  sodium  and  other  »alt8.  We  find  that  anchors,  cannon, 
and  other  cast-iron  implements  which  have  been  buried  for  a  few 
hnndred  years  off  our  English  coast  have  decomposed  in  part  or  en- 
tirely, turning  the  sand  and  gravel  which  enclosed  them  into  a  con- 
glomerate, cemented  together  by  oxide  of  iron.  In  like  manner 
meteoric  iron,  although  its  rusting  would  be  somewhat  checked  by  the 
alloy  of  nickel,  could  scarcely  ever  fail  to  decompose  in  the  course  of 
thousands  of  years,  becoming  oxide,  salphuret  or  carbonate  of  iron, 
and  its  origin  being  then  no  longer  distinguishable.  The  greater  the 
Mitiquity  of  rocks, — the  oftener  they  have  been  heated  and  cooled, 
permeated  by  gases  or  by  the  watere  of  the  sea,  the  atmosphere  or 
mineral  springs, — the  smaller  must  be  the  chance  of  meeting  with  a 
mass  of  native  iron  unaltered ;  but  the  preservation  of  the  ancient 
meteorite  of  the  Altai,  and  the  presence  of  nickel  in  these  curious 
bodies,  renders  the  recognition  of  them  in  deposits  of  remote  periods 
lees  hopeless  than  we  might  have  anticipated. 
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CHAPTEE  Xm 

KBWEB  PLIOCENE  STRATA  AKD  OAVEBN  DEPOSITS. 

Chronological  clasuflcation  of  Pleiatocece  formationi,  whj  difficult — f^hvatar 
deposits  in  rsUej  of  Thames — In  Nodblk  cliA  —  In  Patagonia  —  Comparatira 
longerilj  of  speciea  in  the  mammalia  and  iattacM—FluTio-marine  crag  of 
Norwich — Newer  Plioceoa  Mrata  of  Siciif — LimeBtom  of  great  thiekneu  and 
deration — Altematiaa  of  marine  and  icJcania  ftsnuttknii — Fioot*  of  ilow 
accmanlttioa — Great  geographical  change*  in  Sicilr  since  the  liring  fanca  and 
flora  b^^  to  exist— OiMODB  brecci^  and  cavern  deposits — Sicilj — KirkilsJe-^ 
Origin  of  MsUctite — Aostralion  caTe-breeeias  —  Qeographical  relationship  of  the 
provinces  of  living  veitebrata  and  those  of  the  fbsul  species  of  the  Pliocena 
periods — Extinct  slmthioiis  birds  of  NeirZealaad  —  Tecdiof  fbasQ  qnadrnpedt. 

Hatino  in  the  last  chapter  treated  of  the  boulder  formation  and  ita 
nssociated  freshwater  and  marine  strata  as  belonging  chiefly  to  the 
close  of  the  Newer  Pliocene  period,  we  may  now  proceed  to  other 
deposits  of  the  same  or  nearly  the  same  age.  It  should,  however,  be 
stated  that  it  is  difficult  to  draw  the  line  of  separation  between  these 
modern  formations,  especially  when  we  are  called  upon  to  compare 
deposits  of  marine  and  freshwater  origin,  or  these  again  with  the 
ossiferous  contents  of  cavema. 

If  as  orten  as  the  carcasses  of  quadrupeda  were  buried  in  aUuvium 
during  floods,  or  mired  in  swamps,  or  imbedded  in  lacustrine  strata, 
a  stream  of  lava  had  descended  and  preserved  the  alluvial  or  fresh- 
water deposits,  as  frequently  happened  in  Auvei^ne  (see  above, 
p.  80.),  keeping  them  free  from  intermixture  with  strata  subse- 
quently formed,  then  indeed  the  t«sk  of  arranging  chronologically 
the  whole  series  of  mammaliferous  formations  might  have  been  easy, 
even  though  many  species  were  common  to  several  successive  groups. 
But  when  there  have  been  oscillations  in  the  levels  of  the  land,  ac- 
companied by  the  widening  and  deepening  of  valleys  at  more  than 
one  period, —when  the  same  surface  has  sometimes  been  submerged 
beneath  the  sea,  after  aapporiing  forests  and  lani  quadrupeds,  and 
then  raised  again,  and  eniijcct  during  each  change  of  level  to  sedi- 
mentary deposition  and  partial  denudation, — and  when  the  drifting  of 
ice  by  marine  currents  or  by  rivers,  during  an  epoch  of  intense  cold, 
haa  for  a  season  interfered  with  the  ordinary  mode  of  transport,  or 
with  the  geographical  range  of  species,  we  cannot  hope  speedily  to 
extricate  ourselves  from  the  confusion  in  which  the  classification  of 
these  Pleistocene  formations  is  involved. 

At  several  points  in  the  valley  of  the  Thames,  remnants  of  ancient 
flnviatile  deposits  occur,  which  may  differ  considerably  in  age,  ai- 
thotigh  the  imbedded  land  and  freshwater  shells  in  each  are  of  recent 
BpecieB.    At  Brentford,  for  example,  the  bones  of  the  Siberian  Uam- 
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moth,  or  Elepktu  primiffeniut,  and  tiie  Rhinocerot  tiehorhinut,  both 
of  tbem  quadrupeds  of  which  the  flesh  and  hair  have  been  found 
preserved  in  the  frozen  soil  of  Siberia,  occur  abnadantly,  with  the 
bonei  of  an  bippopotamus,  aurochs,  short-homed  ox,  red  deer,  rein- 
deer, and  great  cave-tiger  or  lion,*  A  similar  gronp  bos  been  found 
fossil  at  Maidstone,  in  Kent,  and  other  places,  agreeing  in  general 
apecificallf  with  the  fossil  bones  detected  in  the  caverns  of  England. 
When  we  see  the  exiiitiQg  rein-deer  and  an  extinct  hippopotamus  in 
the  same  fluviatiie  loom,  we  are  tempted  to  indulge  our  imaginations 
in  speculating  on  the  climatal  conditions  which  could  have  enabled 
these  genera  to  coexist  in  the  same  region.  Wherever  there  is  a 
continQit^  of  land  Irom  polar  to  tempente  and  equatorial  regions, 
there  will  always  be  points  where  the  southern  limit  of  an  arctic 
species  meets  the  northern  range  of  a  southero  species ;  and  if  one  or 
both  have  migratory  habits,  like  the  Bengal  tiger,  the  American  bison, 
the  musk  ox  and  others,  they  maj  each  penetrate  mutuallj'  far  into  the 
respective  provinces  of  the  other.  There  may  also  have  4>een  several 
oscillations  of  temperature  during  the  periods  which  immediately 
preceded  and  followed  the  more  iotense  cold  of  the  glacial  epoch. 

The  strata  bordering  the  left  bank  of  the  Thames  at  Grays 
Thurrock,  in  Essex,  are  probably  of  older  date  than  those  of  Brent- 
ford, although  the  associated  land  and  freshwater  shells  are  nearlj 
al],  if  not  all,  identical  with  species  now  living.  Three  of  the  shells, 
however,  are  no  longer  inhabitants  of  Great  Britain  ;  namely,  Pab^ 
dina  marginala  (fig.  117.  p.  133.),  now  living  in  France;  Unio 
liaoralii  (fig.  29.  p.  28.),  now  inhabiting  the  Loire;  and  <^rr«a 
tontobrwia  (fig.  26.  p.  28.).  The  last-mentioned  fossil  (a  recent 
Egyptian  shell  of  the  Nile)  is  very  abundant  at  Grays,  and  deserves 
notice,  because  the  genus  Cyrena  is  now  no  longer  European. 

The  rhinoceros  occurring  in  the  same  beds  {R.  kptorhimu,  see 
fig.  136.  p.  167.)  is  of  a  different  species  from  that  of  Brentford 
above  mentioned,  and  the  accompanying  elephant  belongs  to  the 
variety  called  Elephat  meridionalis,  which,  according  to  MM.  Owen 
and  H.  von  Meyer,  two  high  authorities,  is  the  same  species  as  tlie 
Siberian  mammoth,  although  some  naturalists  regard  it  as  distinct. 
With  the  above  mammalia  is  also  found  the  Hippopotamus  major,  and 
what  is  most  remarkable  in  so  modem  and  northern  a  deposit,  ft 
monkey,  called  by  Owen  Maeaeut  pliocenu*. 

The  submerged  forest  already  alluded  to  (p.  137.)  as  underlying 
the  drift  at  the  base  of  the  cliffs  of  Norfolk  is  associated  with  a  bed 
of  lignite  and  loam,  in  which  a  great  number  of  fossil  bones  occur, 
apparently  of  the  same  group  as  that  of  Grays,  just  mentioned.  It 
has  sometimes  been  called  "  the  Elephant  bed."  One  portion  of  i^ 
which  stretches  out  under  the  sea  at  Happisburgh,  was  overgrown 
in  1820  by  a  bank  of  recent  oysters,  and  there  the  fishermen  dredged 
op,  according  to  Woodward,  in  the  course  of  thirteen  years,  tc^tber 
with  the  oysters,  above  2000  mammoths'  grinderB.|    Another  portion 

•  Morrii,  0«<^  8oc  Fiocead.,  IBM.  f  Woodwud's  Otology  of  Nctfolk. 
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of  the  same  contiDiioDs  strotatn  lias  yielded  tX  Bocton,  Cromer,  and 
other  places  on  the  cout,  the  bonee  of  a  gigantic  beaver  (  Trogtm- 
therium  Cuvierii,  Fischer),  as  well  as  the  ox,  horse,  and  deer,  and 
both  species  of  rhinoceros,  B.  tichorhinvt  and  S.  UpUirhiniu. 

In  studying  these  and  varioua  other  similar  assemblages  of  fossils, 
'we  have  a  good  exemplification  of  the  more  rapid  rate  at  which  the 
mammiferoai  fauna,  as  compared  to  the  testaceous,  diverges  from  the 
recent  type  when  traced  backwards  in  time.  I  have  before  hinted, 
that  the  longevity  of  species  in  the  class  of  warm-blooded  quadrupeds 
is  not  so  great  as  in  that  of  the  moUusca ;  the  latter  having  probably 
more  capacity  for  enduring  tJiose  changes  of  climate  and  other 
external  circtUDBtances,  and  those  revolutions  in  the  organic  world, 
irbich  in  the  course  of  ages  occur  on  the  earth's  snrface.  This 
phenomenon  is  by  no  means  confined  to  Europe,  for  Mr.  Darwin 
fonnd  at  Bahia  Blanca,  in  South  America,  lat  39°  S.,  near  the  northern 
confines  of  Patagonia,  fossil  remains  of  the  extinct  mammiferouB 
genera  Megatberinm,  Megalonyx,  Toxodon,  and  others,  associated 
'with  shells,  almost  sll  of  species  already  ascertained  to  be  still  living 
in  the  contiguous  sea* ;  the  marine  mollusca,  as  well  as  those  of  rivers, 
lakes,  or  the  land,  having  died  out  more  slowly  than  the  terrestrial 


I  alluded  before  (p.  181.)  to  certain  marine  strata  overlying  till 
near  Glasgow,  and  at  other  points  on  the  Clyde,  in  which  the 
sheila  are  for  the  most  part  British,  with  an  intermixture  of  some 
arctic  species;  while  others,  about  a  tenth  of  the  whole,  are  sap- 
posed  to  be  exdnct     This  formation  may  also  be  called  Hewer 


Fhivio-mariiu  crag  of  Norwieh.  —  At  several  places  within  five 
miles  of  Norwich,  on  both  banks  of  the  Tare,  beds  of  sand,  loam, 
ftnd  gravel,  provindally  termed  "crag,"  but  of  a  very  different  age 
from  the  Sufiblk  Crag,  occur,  in  which  there  is  a  mixture  of  marine 
land,  and  freshwater  shells,  with  icbthyolites  and  bones  of  mammalia 
It  is  clear  that  these  beds  have  been  accumulated  at  the  bottom  of  the 
sea  near  the  mouth  of  a  river.  They  form  patches  of  variable  thick- 
ness, resting  on  white  chalk,  and  are  covered  by  a  dense  mass  of 
stratified  fiint  graveL  The  surface  of  the  chalk  is  often  perforated 
'to  the  depth  of  several  inches  by  the  Pholat  criipata,  each  fossil  shell 
still  remaining  at  the  bottom  of  its  cylindrical  cavity,  now  filled  np 
with  loose  sand  which  has  fallen  &om  the  incumbent  crag.  This 
species  of  Pholas  still  exists  and  drills  the  rocks  between  high  and 
low  water  on  the  British  coast.  The  most  common  shells  of  these 
strata,  such  as  Ftuui  ttriatui,  Turritella  Urebra,  Cardium  edtile,  and 
Cyprina  itlandiea,  are  now  abundant  in  the  British  seas ;  but  with 
tfaem  are  some  extinct  species,  such  as  Ntteula  Cabboldia  (fig.  12S.) 
and  Telima  obUqua  (fig.  126.).  NiUiea  helieoidet  (fig.  127.)  is  an 
example  of  a  species  formerly  known  only  as  fossil,  bat  which  haa 
now  been  found  living  in  our  seaa. 

Among  the  accompanying  bones  of  mammalia  is  the  Matlado» 
*  ZooL  of  Beagle,  put  I.  pp.  9.  Ul. 
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<mgv*tideni'  (see  fig.  135.  p.  166.),  a  portion  of  the  upper  jawbone  wilh 
a  tooth  h&ving  been  found  hj  Ur.  Wigham  at  PoBtwick,  near  Norwich. 
Ab  this  species  has  abo  been  found  in  the  Bed  Crag,  both  at  Sutton 
and  atFelixslow,  and  had  hitherto  been  regarded  as  chancteristic  of 
formations  older  than  the  Ii'Ieistocene,  it  may  poesiblj  have  been 
washed  out  of  the  Red  into  the  Norwidi  Crag. 

Among  the  bones,  howeTer,  respecting  the  authenticity  of  which 
there  seems  no  doubt,  may  be  mentioned  those  of  the  elephant,  horse, 
pig,  deer,  and  the  jawB  and  teeth  of  field  mice  (6g.  146.p.  16tj.).  I  have 
seen  the  tusk  of  an  elephant  from  Bramerton  near  Norwich,  to  which 
many  serpula  were  attached,  showing  that  it  had  lain  for  some  time 
at  the  bottom  of  the  sea  of  the  Norwich  Crag. 

At  Thorpe,  near  Aldborough,  and  at  Southwold,  in  Suffolk,  this 
flUTio-msriDe  formation  is  well  exposed  in  the  sea-clifis,  consisting  of 
sand,  shingle,  loam,  and  laminated  clay.  Some  of  the  strata  there 
bear  the  marks  of  tranquil  deposition,  and  in  one  section  a  thickness 
of  40  feet  is  sometimes  exposed  to  view.  Some  of  the  lamelli- 
branchiate  shells  have  both  valves  anited,  although  mixed  with  land 
and  freshwater  testacea,  and  with  the  bones  and  teeth  of  elephant, 
rhinoceros,  horse,  and  deer.  Captain  Alexander,  with  whom  I  ex- 
amined the«e  strata  in  1835,  showed  me  a  bed  rich  in  marine  shells, 
in  which  be  had  found  a  large  specimen  of  the  Ftuut  alriatvt,  filled 
Tith  sand,  and  in  the  interior  of  which  was  the  tooth  of  a  horse. 

Among  the  freshwater  shells  I  obtained  the  Cyretta  eotuobrma 
(fig.  26.  p.  28.),  before  mentioned,  sapposed  to  agree  with  a  species 
DOW  living  in  the  Nile. 

I  formerly  classed  the  Norwich  Crag  as  older  Pliocene,  conceiving 
that  more  than  a  third  of  the  fossil  testacea  were  extinct ;  but  there 
now  seems  good  reason  for  believing  that  several  of  the  rarer  sheila 
obtained  from  these  strata  do  not  really  belong  to  a  contemporary 
fauna,  but  have  been  washed  oat  of  the  older  beds  of  the  "  Bed 
Crag;"  while  other  species,  once  supposed  to  have  died  oat,  have 
lately  been  met  with  living  in  the  British  seas.  According  to  Mr. 
Searles  Wood,  the  total  number  of  marine  species  does  not  exceed 
seventy-six,  of  which  one  tenth  only  are  extinct  Of  the  fourteen 
associated  freshwater  shells,  all  the  species  appear  to  be  living. 
Strata  containing  the  same  shells  as  those  near  Norwich  have  been 
found  by  Mr.  Bean,  at  Bridlington,  in  Yorkshire. 

Newtr  Pliocene  ttrata  of  Sidly.  —  In  no  part  of  Europe  are  the 

*  Owen,  BriL  Fosa  Uamm.  271.  Matbion  tmgiroitrit,  Eaap,  tee  ibid, 
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Newer  Pliocene  formations  seen  to  enter  so  lu^l^  into  the  itrnctnne 
of  the  earth's  cruat,  or  to  rise  to  each  beighta  above  iba  level  of  the 
sea,  as  in  Sicily.  Thej  cover  nearly  half  the  island,  and  near  its 
centre,  at  Castrogiovanni,  they  reach  an  elevation  of  3000  feet.  They 
consist  principally 'of  two  divisions,  the  upper  calcareons,  and  the  lower 
ai^iltaceous,  both  of  which  may  be  seen  at  Syracose,  Girgenti,  and 
Caatrogiovannj. 

According  to  Fhilippi,  to  whom  we  are  indebted  for  the  best 
account  of  the  tertiary  sheila  of  this  island,  thirty-flre  species  oat 
of  one  handred  and  twenty-fonr  obtained  from  the  beds  in  central 
Sicily,  are  extinct.  Of  the  remunder,  which  stall  live,  five  species 
are  no  longer  inhabitants  of  the  MediterraBean.  Whes  I  visited 
Sicily  in  1828  I  estimated  the  proportion  of  living  species  as  some- 
'vrhat  greater,  partly  because  I  confounded  with  the  tertiary  forma- 
tion of  centnd  Sicily  the  strata  at  the  base  of  -Etna,  and  some  other 
localities,  where  the  fossils  are  now  proved  to  agree  entirely  with  the 
present  Mediterranean  fauna. 

Fhilippi  came  to  the  conclusion,  that  in  Sicily  there  is  a  gradual 
pasB^;e  from  beds  containing  70  per  cent,  of  recent  shells,  to  those 
in  which  the  whole  of  the  fossils  are  identical  with  recent  species ; 
but  his  tables  appear  scarcely  to  bear  out  so  important  a  generaliza- 
tion, sever^  of  the  places  cited  by  him  in  confirmation  having  as  yet 
furnished  no  more  than  twenty  or  thirty  species  of  testacea.  The  Sici- 
lian beds  in  question  probably  belong  to  about  the  same  period  as  the 
Norwich  Crag,  although  a  geologist,  accustomed  to  see  nearly  all  the 
I^istocene  formations  in  the  north  of  Earope  occupying  low  grounds 
and  very  incoherent  in  texture,  is  naturally  surprised  to  behold 
formations  of  the  same  age  so  solid  and  stony,  of  such  thickness, 
and  attaining  so  great  an  elevation  above  the  level  of  the  sea. 

The  upper  or  calcareons  member  of  this  group  in  Sicily  consists 
in  some  places  of  a  yellowish- white  stone,  like  the  calcaire  grossier 
of  Paris  ;  in  others,  of  a  rock  nearly  as  compact  as  marble.  Its  aggre- 
gate thickness  amounts  sometimes  to  700  or  800  feet  It  usually 
occars  in  regular  horizontal  beds,  and  is  occasionally  intersected  by 
deep  valleys,  snrh  as  those  of  Sortino  and  Pentalica,  in  which  are 
numerous  caverns.  The  fossils  are  in  every  stage  of  preservation, 
from  shells  retaining  portions  of  their  animal  matter  and  colour,  to 
others  which  are  mere  casts. 

The  limestone  passes  downwards  into  a  sandstone  and  conglome- 
rate, below  which  is  clay  and  blue  marl,  like  that  of  the  Subapennine 
bills,  from  which  perfect  shells  and  corals  may  be  disengage«L  The 
clay  sometimes  alternates  with  yellow  sand. 

South  of  the  plain  of  Catania  is  a  region  in  which  the  tertiary 
beds  are  intermixed  with  volcanic  matter,  which  has  been  for  the 
niost  part  the  product  of  submarine  eruptions.  It  appears  that,  wiiile 
the  clay,  sand,  and  yellow  limestone  before  mentioned  were  in  course 
of  deposition  at  the  bottom  of  the  sea,  volcanos  burst  out  beneath  the 
waters,  like  that  of  Graham  Island,  in  1831,  and  these  explosions  re- 
curred again  and  again  at  distant  intervals  of  time.  Volcanic  ashes 
and  sand  wne  showered  down  and  spread  by  the  waves  and  currents 
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BO  as  to  form  Btrata  of  tuff,  irhich  are  found  iatercalated  between  beda 
of  limeatone  and  clay  contaiaiog  marine  ebells,  the  thickneBB  of  the 
whole  mass  exceeding  2000  feet  The  fisaures  through  which  thfl 
lara  roae  majr  he  seen  in  many  places  forming  what  are  called  diket. 
In  part  of  the  region  above  alluded  to,  as,  for  example,  near  Len- 
tini,  a  conglomenite  occnre  in  which  I  obserred  many  pebbles  of 
volcanic  rocks  covered  by  fulUgrawn  lerpvla.  We  may  explain  the 
origin  of  these  by  supposing  that  there  were  some  small  valcatiic 
islands  which  may  hare  been  destroyed  from  time  to  time  by  the 
waves,  as  On^m  Island  has  beea  swept  away  eince  1881.  The 
rounded  blocks  and  pebbles  of  solid  volcanic  matter,  after  being  rolled 
for  a  time  on  the  beach  of  auch  temporary  islands,  were  carried  at 
length  into  some  tranquil  part  of  the  sea,  where  they  lay  for  years, 
while  the  marine  terpulet  adhered  to  them,  their  shells  growing  and 
covering  their  surface,- as  they  are  aeen  adhenng  to  the  shell  figured 
in  p.  22.  Finally,  the  bed  of  pebbles  was  itself  covered  with  strata 
of  shelly  limestone.  At  Vizzini,  a  town  not  many  miles  distant  ta 
the  S- W.,  I  remarked  another  striking  proof  of  the  gradual  manner 
in  which  these  modem  rocka  were  formed,  and  the  long  intervals  of 
time  which  elapsed  between  the  ponring  ont  of  distinct  sheets  of  lava, 
a  bed  of  oysters  no  less  than  20  feet  in  thickness  rests  upon  a  current 
of  basaltic  lava.  The  oysters  are  perfectly  identifiable  with  our 
ctHnmon  eatable  species.  Upon  the  oyster  bed,  again,  is  superim- 
posed a  second  mass  of  lava,  together  with  tuff  or  peperino.  In  the 
midst  of  the  same  alternating  igneous  and  aqueous  formations  is  seen 
near  Gulieri,  not  fur  from  YizEini,  a  horizontal  bed,  about  a  foot  and 
a  half  in  thickness,  composed  entirely  of  a  common  Uediterranean 
coral  {Caryophj/liia  catpitoxa,  Lam.)-  These  corals  stand  erect  as 
they  grew ;  and,  after  being  traced  for  hundreds  of  yards,  are  again 
found  at  a  corresponding  height  on  the  opposite  side  of  the  valley. 


m.  sun  •111!  fonnr  itpn  (nnrlng  ftoni  Hi  ilde. 

*•.  ViMng  ilm  arumf  iwica  nuniiScd. 

*■  ^M  "  "  o?2.'i!U''to  '"••"'°^'  """  t"*  0«  Df  « l»tw«l  brtncli  J  the  nuridr 

i.  A  temch.luvliiguLubue  uioUia  kUcnll^  ugiwd  wli,aail  tvo  rouDt  conli  it 
*.  A  main  brjmcn,  .Ith  (  ftll^|^awIl  IMaril  o». 
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Tbeeorala  are  luuftllf  branched,  bat  not  hy  the  division  of  the 
animtli  u  some  h&ve  aupposed,  but  b;  the  attachment  of  young  ind>- 
Tiduli  to  the  sides  of  the  oldec  ones ;  and  we  must  underatuid  this 
mode  of  increue,  in  order  to  appreciate  the  time  which  was  required 
foi  the  boilding  up  of  the  whola  bed  of  coral  during  the  growth  of 
msnj  luccessiTe  generations.* 

-Amaug  the  other  fossil  shells  met  with  in  these  Sicilian  strata, 
vhieh  still  continue  to  abound  in  the  Mediterranean,  no  shell  is  more 
coupicuaiu,  from  its  size  and  frequent  occurrence,  than  the  great 
KiUop,  PeeUKJaecbiau  (see  fig.  129.),  now  so  common  in  the  neigh- 
boohng  seas.    We  see  this  shell  in  the  calcareous  beds  at  Palermo 

in  gceU  nombera,  in  the  limestone  at  Gtrgenti,  and  in  that  which 

illonUa  with  volcanic  rocks  in  the  country  between  Syracaae  and 

Vixdni,  often  at  great  heights  above  the  sea. 


raUmJaattMti  lulrauunl  di*. 

^  more  we  reflect  on  the  preponderating  nnmber  of  these  recent 
'''^UMhemore  we  are  surprised  at  the  great  thickness,  solidity,  and 
''^E'iI  above  the  sea  of  the  rocky  masses  in  which  they  are  entombed, 
*iiilthe  vast  amount  of  geographical  change  which  has  token  place 
•""te  their  origin.  It  must  be  remembered  that,  before  they  began 
to  emerge,  the  oppermost  strata  of  the  whole  must  have  been  de- 
posited  under  water.  In  order,  therefore,  to  form  a  jnst  conception 
if  their  antiquity,  we  must  first  examine  singly  the  innumerable 
minnie  ports  of  which  the  whole  Is  made  up,  the  successive  beds  of 
■IkIU,  corals,  volcanic  ashes,  conglomerates,  and  sheets  of  lava ;  and 
*e  mmt  afterwords  contemplate  the  time  required  for  the  gradual 
npkwTil  of  the  rocks,  and  the  excavation  of  the  valleys.  The  his- 
t^cil  period  seems  scarcely  to  form  an  appreciable  unit  in  this'com' 
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jpatation,  for  we  find  ancient  Greek  templea,  like  those  of  Gii^enti 
(AgrigeDtum),  built  of  the  modem  limestone  of  which  we  ve  3pe»k- 
ing,  and  resting  on  a  hill  composed  of  the  same  ;  the  site  having  re- 
mained to  all  appearance  unaltered  since  the  Greeks  first  colooiaed 
the  island. 

The  modem  geological  date  of  the  rocks  in  this  region  leads  to 
another  singular  and  unexpected  conclusion  —  naoiel7,  that  the  fauna 
and  flora  of  a  large  part  of  Sicilj  are  of  higher  an.tiqoit)'  than  tha 
conntry  itself^  having  not  oolj  flonrisbed  before  the  lands  were  raised 
from  the  deep,  but  even  before  their  materials  were  brought  together 
beneath  the  waters.  The  chain  of  reasoning  which  conducts  us  to 
this  opinion  tnaj  be  stated  in  a  few  words.  1^  larger  part  of  the 
island  has  been  converted  from  sea  into  land  since  the  Mediterraneaa 
was  peopled  with  nearly  all  the  living  Bpeciea  of  testacea  and  aoo- 
phytes.  We  may  therefore  presume  that,  before  this  region  emerged, 
the  same  land  and  river  shells,  and  almost  all  the  same  animEds  and 
plants,  were  in  existence  which  now  people  Sicily;  for  the  terrestrial 
fauna  and  flora  of  this  island  are  precisely  the  same  as  that  of  other 
lands  surrounding  the  Mediterranean.  There  appear  to  be  no  peculiar 
or  indigenous  species,  and  those  which  are  now  established  there  must 
be  supposed  to  have  migrated  from  pre-existing  lands,  just  as  tins 
plants  and  animals  of  the  Neapolittm  territory  have  colonised  Monte 
Nuovo,  since  tbat  volcanic  cone  was  thrown  up  in  the  sixteenth 
century. 

Such  conduuons  throw  a  new  light  on  the  ad^tation  of  the  attri- 
butes and  migratory  habits  of  animals  and  plants  to  the  changes  which 
are  anceaeingly  in  progress  in  tbe  physical  geography  of  the  globe. 
It  is  clear  that  the  duration  of  species  is  so  great,  tbat  they  are  des- 
tined to  outlive  many  important  revolntiona  in  the  configuration  of 
the  earth's  surC&ce;  and  hence  those  innumerable  contrivances  for 
enabling  the  subjects  of  the  animal  and  vegetable  creation  to  extend 
their  range ;  tbe  inhabitants  of  the  land  being  often  carried  across 
the  ocean,  and  the  aquatic  tribes  over  great  continental  species.  It  is 
obviously  expedient  that  the  terrestrial  and  fluviatile  species  should 
not  only  be  fitted  for  the  rivers,  valleys,  plains,  and  mountains  which 
exist  at  the  era  of  their  creation,  but  for  others  that  are  destined  to 
be  formed  before  the  species  shall  become  extinct ;  and,  in  like  man- 
ner, the  marine  species  are  not  only  made  for  the  deep  and  shallow 
regions  of  the  ocean  existing  at  tbe  time  when  they  are  called  into 
being,  but  for  tracts  that  may  be  submerged  or  variously  altered  in 
depth  during  the  time  tbat  is  allotted  for  their  continuance  on  tk6 
globe. 

0S8BOCS  BBEGCUfl  AHD  DEFOSITS  IN  GATES  OP  THE  PLIOCEKB  PBBHH>. 

Sieii^. — Caverns  filled  with  marine  breccias,  at  the  base  of  ancient 
■ea-cKffs,  have  been  already  mentioned  in  the  sixth  chapter ;  and  it  waa 
noticed,  respecting  the  cave  of  San  Giro,  near  Palermo  (p.  75.),  that 
upon  a  bed  of  sand  filled  with  sea-shells,  almost  all  of  recent  species. 
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natt  1  breceift  [b,  fig.  9S.  p,  75.),  composed  of  fragments  of  calcareous 
rock,  sod  the  bones  of  animals.  In  the  sand  at  the  bottom  of  that  care. 
Dr.  Fbilippi  foand  about  forty-fire  marine  shells,  all  clearly  identical 
with  ncent  species,  except  two  or  three.  The  bones  io  tiie  incum- 
bentbieoaa  an  chiefly  those  of  the  mammoth  (_E.  prinugeni»t),  with 
Kme  belonging  to  an  hippopotamas,  distinct  from  the  recent  speciea, 
ind  smaller  than  that  uanally  found  fossiL  (See  fig.  137.  p.  167.) 
Sefenl  spedee  of  deer  also,  and,  according  to  some  accounts,  the 
remuniof  abear,  were  discovered.  These  mammalia  are  probably 
n&nble  to  ths  Foet-Fliocene  period. 

Hie  Newer  Pliocene  tertiary  limestone  of  the  south  of  Sicily,  already 
described,  is  sometimes  fuU  of  caverns ;  and  the  student  will  at  once 
pereeire  that  all  the  qnadmpeds  of  which  the  remuns  are  found  in 
lbs  sttUctite  of  these  caverns,  being  of  later  origin  than  the  rocks, 
most  be  referable  to  the  close  of  the  tertiary  epoch,  if  not  of  still  later 
dite.  The  situation  of  one  of  these  cares,  in  the  valley  of  Sortino, 
is  rqmsented  in  the  annexed  section. 


Engiattd, — In  the  cave  at  Eirkdsle,  about  twenty-fire  miles  N.N.E. 
ofTork,  the  remainsdf  about  300  hysnas,  belonging  to  indiridaals 
of  every  age,  have  been  detected.  The  species  {^Hgmna  tpthea)  is 
eitinc^  and  was  larger  than  the  fierce  Syana  croeuta  of  South 
Africa,  which  it  most  resembled.  Dr.  Bnckland,  after  carerully  ex- 
HBining  the  spot,  proved  that  the  Hysnas  must  hare  lived  there  ;  a 
fut  attested  by  the  quantity  of  their  dung,  which,  aa  in  the  case  of 
tbe  liring  hysena,  ia  of  nearly  the  aame  composition  as  bone,  and 
■hnost  as  durable.  In  thp  care  were  found  the  remuna  of  the  ox,  young 
elephant,  hippopotamus,  rhinoceros,  horse,  bear,  wolf,  hare,  water- 
tit,  and  aereral  birds.  Alt  the  bones  have  the  appearance  of  having 
been  bn^en  and  gnawed  by  the  teeth  of  the  hynoas ;  aod  they  occur 
confusedly  mixed  in  loam  or  mud,  or  dispersed  through  a  crust  of 
rtalagmite  which  covers  it  In  these  and  many  other  cases  it  is  sup- 
posed that  portions  of  herbivorous  quadrupeds  have  been  dragged 
into  careras  by  beasts  of  prey,  and  hare  serred.  as  their  food,  an 
opiniwi  quite  consistent  with  the  known  habita  of  the  liring  hytsna. 

No  less  than  thirty-seven  species  of  mammalia  are  enumerated  by 
I'rofessor  Oirea  as  having  been  discovered  in  the  cares  of  the  British 
ulinda,  of  which  eighteen  appear  to  be  extinctf  while  the  others  stilt 
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BurriTo  in  Europe.  They  were  not  wished  to  the  spots  where  the 
fosaihi  now  occur  bj  s  great  flood ;  bat  lived  and  died,  one  ganentaon 
after  another,  in  the  places  where  they  lie  buried.  Among  oth« 
arguments  in  favour  of  this  conclusion  may  be  mentioned  the  giest 
nnmbers  of  the  shed  antlerB  of  deer  discovered  is  cares  and  in  iresh- 
water  strata  throughout  England.' 

Examples  also  occur  of  fissures  into  which  animals  have  fallen  from 
time  to  lime,  or  have  been  washed  in  from  above,  tt^etber  with  al> 
luvisl  matter  and  fragments  of  rock  detached  I7  frost,  forming  amass 
which  may  be  united  into  a  bony  breccia  by  stalagmitic  infiltrataona. 
Frequently  we  discoTer  a  long  suite  of  caverns  eramected  by  narrow 
and  irregular  galleries,  which  hold  a  tortuous  course  through  the  in- 
terior of  mountains,  and  seem  to  have  served  as  the  subterranean 
channels  of  springs  and  engolphed  rivers.  Uany  atreams  in  the 
Morea  are  now  carrying  bones,  pebbles,  aad  mud  into  underground 
passsgei  of  this  kind.  If,  at  some  futnre  period,  the  form  of  thkt 
country  should  be  wholly  altered  by  subterranean  moremeuta  and 
new  valleys  shaped  out  by  denudation,  many  portions  of  the  former 
channels  of  these  engulphed  streams  may  communicate  with  the  sur- 
face, and  become  the  dens  of  wild  beasts,  or  the  recesses  to  which 
quadrupeds  retreat  to  die.  Gertun  eaves  of  France,  Germany,  and 
Belgium  may  have  passed  taccessively  through  these  diArent  con- 
ditions, and  in  their  last  state  may  have  remained  open  to  the  day 
for  several  tertiary  periods.  It  is  nevertheless  very  remarkable,  that 
on  the  continent  of  Enrope,  as  in  England,  the  fossil  remains  of  mam- 
malia belong  almost  exdueively  to  those  of  the  Newer  Pliocene  and 
Post-Fliocene  periods,  and  not  to  the  Miocene  or  Eocene  epochs  and 
when  they  are  accompanied  by  land  or  river  shells,  these  agree  in 
great  part,  or  entirely,  with  recent  speciea. 

As  the  preservation  of  the  fossil  bones  is  dae  to  a  slow  and  conatant 
supply  of  stalactite,  brought  into  the  caverns  by  water  dropping  fnon 
the  roof,  the  soarce  and  origin  of  this  deposit  has  been  a  subject  of 
curious  inquiry.  The  following  explanation  of  the  phenomenon  has 
been  recently  suggested  by  the  eminent  chemist  Liebig.  Oa  the 
surface  of  fVanconia,  where  the  limestone  abounds  in  caverns,  is  a 
fertile  soil,  in  which  vegetable  matter  is  continually  decaying.  This 
mould  or  humus,  being  acted  on  by  moisture  and  air,  evolves  carbonic 
acid,  which  is  tUssolved  by  rain.  The  rain  water,  thus  impregnaled. 
permeates  the  porous  limestone,  dissolves  a  portion  of  it,  and  after- 
wards, when  the  excess  of  carbonic  acid  evaporates  in  tbe  cav^na, 
parts  with  the  calcareous  matter,  and  forms  stalactite.  Such  facts 
seem  to  imply  that  tbe  date  of  the  emergence  of  the  district  was  ver; 
modem,  for  stalactite  could  not  begin  to  form  until  the  emergence  of 
the  cavernous  rock,  and  tbe  land  shells  and  land  animals  are  nsnally 
imbedded  in  the  lowest  part  of  the  stalactitic  deposit. 

Australian  eave-breeeiat, —  Ossiferous  breccias  are  not  confined  to 
Europe,  but  occur  in  all  parts  of  the  globe ;  and  those  lately  ^- 
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corered  in  fissnne  uid  c&i>«ms  in  AustralU  correspond  closely  in 
cliaracter  with  whftt  hu  been  caUed  the  bony  brecdt  of  the  Medi- 
ICTTUieui,  in  which  the  fragments  of  bone  Knd  rock  are  firmly  bound 
together  by  ft  red  ochreoua  cement. 

Borne  of  these  cavea  hftve  been  examined  by  Sir  T.  Mitchell  io 
the  Wellington  Talley,  abont  210  miles  west  of  Sidney,  on  the  lirer 
Bell,  one  of  the  principftl  sonrces  of  the  Mac4|aarie,  and  on  'Uie 
Macqoarie  its^.  The  eaverns  oAen  branch  off  in  different  directions 
through  the  rock,  widening  and  contracting  their  dimensions,  and 
the  roofs  and  Soors  are  covered  with  stalactite.  The  bones  are  often 
broken,  bat  do  not  seem  to  be  water-worn.  In  some  places  they  lie 
imbedded  in  loose  earth,  bnt  they  are  usually  incladed  in  a  breccia. 

The  r«nune  found  most  abnndantly  are  those  of  the  kangaroo,  ot 
which  there  are  four  speeies,  besides  which  the  genera  Bypiiprymmu, 
Phalattgitta,  Fhtueolomt/s,  and  Datywnu,  occur.  There  are  also 
bones,  formerly  conjectured  by  some  osteologists  to  belong  to  the 
bippopotamns,  and  '\yj  others  to  the  dugong,  but  which  are  now 
referred  by  Hr.  Owen  to  a  marsupial  genus,  allied  to  the  Wombat 

In  the  fossils  above  eanmerated,  several  species  are  krger  than 
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tbe  largest  living  ones  of  the  same  genera  now  known  in  Australia. 
'JThe  preceding  figure  of  the  right  side  of  a  lower  jaw  of  a  kangaroo 
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(Macroptts  adtu,  Owen)  will  at  once  be  aeen  to  exceed  in  mignitode 
the  corresponding  part  of  the  largest  living  kangaroo,  which  ia 
represented  in  fig.  132.  In  both  theK  Bpecimens  part  of  the 
substance  of  the  jaw  has  been  broken  open,  bo  as  to  show  the 
pennaneDt  false  molar  (o.  fig.  131.)  concealed  in  the  socket.  Fran 
the  fact  of  this  molar  not  having  been  cnt,  we  learn  that  the 
individual  was  young,  and  had  not  ihed  its  first  teeth.  In  fig.  133.  ft 
Fti  lai  fro^t  tooth  of  the  same  species  of  kangaroo  is  re- 
presented. 

Whether  the  brecdas,  above  alluded  to,  of  the  Wel- 
lington Yallef,  appertain  strictly  to  the  Fliooene  period 
cannot  be  affirmed  with  certainty,  until  we  are  more 
thoroughly  acquainted  with  the  recent  quadrupeds  of 
the  same  district,  snd  until  we  learn  what  species  of 
I  fosiiil  land-shells,  if  any,  ue  buried  in  the  deposits  of 
the  same  caves. 

The  reader  will  observe  that  all  these  extinct  qn*- 

drupeds  of  Anstratia  belong  to  the  marsupial  family, 

or,  in  other  words,  that  they  are  referable  to  the  same 

peculiar  type  of  organization  which  now  distinguishes 

indint  nr  j(a-    ^q  Australian  mammalia  from  those  of  other  parts  of 

the  gbbe.     This  fact  is  one  of  many  pointing  to  % 

general  law  deducible  from  the  fossil  vertebrate  and  invertebrate 

animals  of  the  eras  immediately  antecedent  to  the  hnman,  namely, 

that  the  present  geographical  distribution  of  organic /othm  dates 

back  to  a  period  anterior  to  the  creation  of  existing  tpenet;   in 

other  words,   the  limitation   of  particular    genera  or  families   of 

quadrupeds,  molluscs,  &c.,  to  certain  existing  provinces  of  land  and 

sea,  began  before  the  species  now  contemporary  with  man  had  been 

intioduoed  into  the  earth. 

Mr.  Owen,  in  his  excellent  "  History  of  Bntisb  Fossil  Hammals,' 
has  called  attention  to  this  law,  remarking  that  the  fossil  quadrupeds 
of  Europe  and  Asia  differ  from  those  of  Australia  or  South  America. 
We  do  not  find,  for  example,  in  the  Europteo- Asiatic  province  fossil 
kangaroos  or  armadillos,  bat  the  elephant,  rhinoceros,  horse,  beur, 
hycBna,  beaver,  hare,  mole,  and  others,  which  still  characterise  the 
same  continent. 

In  like  manner,  in  the  Pampas  of  Sooth  America  the  skeletons  of 
Uegatherium,  Megalonyx,  Glyptodon,  Mylodon,  Toxodon,  Uacrau- 
ehenia,  and  other  extinct  forms,  are  aoalt^ous  to  the  living  sloth, 
armadillo,  cavy,  capybara,  and  llama.  The  fossil  quadrumana,  also 
associated  with  some  of  these  forms  in  the  Braiilian  caves,  belong  to 
the  Platyrrhine  family  of  monkeys,  now  peculiar  to  South  America. 
That  the  extinct  fauna  of  Buenos  Ayres  and  Brazil  was  very  modem 
has  been  shown  by  its  relation  to  deposits  of  marine  shells,  agreeing 
with  those  now  Inhabiting  the  Atlantic ;  and  when  in  Geo:^ia  in 
1845,  I  ascertained  that  the  Megatherium,  Mylodon.  Harlanut  ame- 
rieanu*  (Owen),  Egutu  curvideiu,  and  other  quadrupeds  allied  to  the 
Pampean  type,  were  posterior  in  dsto  to  beds  containing  marine  shells 
belonging  to  for^-five  recent  species  of  the  neighbouring  sea. 
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Here  are  indeed  some  coemopolite  genera,  iuch  u  the  Mutodon 
(k  genns  of  the  elephant  fuuily)  and  the  horse,  which  were  eimul- 
taneouslj  represented  bj  different  foBul  species  in  Europe,  North 
America,  and  South  America ;  but  these  few  exceptions  can  b^  no 
means  invalidate  the  rale  which  has  been  thos  expressed  b^  Professor 
Owen,  that  in  "  the  highest  organized  class  of  animals  the  suae 
forms  were  restricted  to  the  same  great  provinces  at  the  Pliocene 
periods  as  thej  are  at  the  present  day," 

However  modern,  in  a  geological  point  of  view,  we  may  consider 
the  Pleistocene  epoch,  it  is  evident  that  causes  more  general  and 
powerful  than  the  intervention  of  man  have  occasioned  the  disap- 
pearance of  the  ancient  fauna  from  so  many  extensive  regions.  Not 
a  few  of  the  species  had  a  wide  range ;  the  same  Megathertmn,  for 
iastAnce,  extended  from  Patagonia  and  the  river  I^ta  in  South 
America,  between  latitudes  31°  and  39°  south,  to  coiresponding  lati- 
tudes in  Korth  America,  the  same  animal  being  also  an  inbabitantof 
the  intermediate  country  of  Brazil,  where  its  fossil  remains  have  been 
met  with  in  caves.  The  extinct  elephant,  likewise,  of  Geoi^a 
(^Elephat  primigenivt)  has  been  traced  in  a  fossil  state  northward 
from  the  river  Alatamaha,  in  lat.  33°  SCV  N.  to  the  polar  regions, 
and  then  again  in  the  eastern  hemisphere  from  Siberia  to  the  south 
of  Europe.  If  it  be  objected  that,  notwithstanding  the  adaptation  of 
auch  qnodmpedb  to  a  variety  of  climates  and  geographical  conditions, 
tbeir  great  wze  exposed  them  to  extermination  by  the  first  hunter 
tribes,  we  may  observe  that  the  investigations  of  Lund  and  Clausen 
in  the  ossiferous  limestone  caves  of  Braiil  have  demonstrated  that 
these  large  mammalia  were  asBodaCed  with  a  great  many  smaller 
quadrupeds,  some  of  them  as  diminutive  as  field  mice,  which  have 
all  died  out  together,  while  the  land-shells  formerly  their  conlem- 
porariee  still  continue  to  exist  in  the  same  countries.  Aa  we  may 
feel  assured  that  these  minute  quadrupeds  could  never  have  been 
extirpated  by  man,  especially  in  a  country  so  thinly  peopled  as  Brazil, 
flo  we  may  conclude  that  all  the  species,  small  and  great,  have  been 
annihilated  one  after  the  other,  in  the  course  of  indefinite  ages,  by 
those  changes  of  circumstances  in  the  organic  and  inoi^anic  world 
which  are  always  in  pn^^reas,  and  are  capable  in  the  course  of  lime 
of  greatly  modifying  the  physical  geography,  climate,  and  all  other 
conditions  on  which  the  continuance  upon  the  earth  of  any  living  being 
mtiBt  depend.* 

lite  law  of  gecf;raphical  relationship  above  alluded  to,  between  the 
living  vertebrata  of  every  great  zoological  province  and  the  fossils 
of  the  period  immediately  antecedent,  even  where  the  fossil  species 
are  extinct,  is  by  no  means  confined  to  the  mammalia.  New  Zea- 
land, when  first  examined  by  Europeans,  was  found  to  contain  no  in- 
digenous land  quadrupeds,  no  kangaroos,  or  opossums,  like  Australia ; 
bat  a  wingless  bird  abounded  there,  the  smallest  living  representative 
of  the  ostrich  family,  called  the  Xivi,  by  the  natives  (Apteryx).     ^ 

*  See  Fiinciples  of  Qeology,  chapi.  zlL  to  xhr.     - 
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the  foBsila  of  the  Pott-Plioceae  and  Pleistocene  period  in  tUia  same 
iglaod,  there  is  tlie  like  absence  of  tcangaroos,  opostnnu,  wombats, 
and  the  rest ;  but  in  their  place  a  prodigions  number  of  well  preserred 
ipecimens  of  gigantic  birds  of  the  etruthions  order,  called  by  Owen 
DinorrtU  and  Palapteryx,  which  are  entombed  in  superficial  depouts. 
These  genera  compTehended  manj  species,  some  of  which  were  4, 
some  7,  others  9,  and  others  11  feet  in  height  I  It  seems  doubtful 
whether  anj  contemporary  mammalia  shared  the  land  with  this  popn- 
lation  of  gigantic  feathered  bipeds. 

To  those  who  have  never  gtadied  comparative  anatomy  it  may  seem 
scarcely  credible,  that  a  single  bone  taken  from  anypart  of  the  skeleton 
may  enable  a  skilful  osteologist  to  dietingaish,  in  many  cases,  the 
genas,  and  aometimes  the  species,  of  quadruped  to  which  it  belonged. 
Although  few  geologists  can  aspire  to  sncb  knowledge,  which  mnst  be 
the  result  of  long  practice  and  study,  they  will  nevertheless  derive 
great  advantsge  from  learning,  what  is  comparatively  an  easy  task,  to 
distinguish  the  principal  divisions  of  the  mammalia  by  the  forms  and 
eharactersoftheirteeth.   TEie  annexed  figures,  all  taken  from  original 
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specimens,  ma^  be  useful  in  insisting  the  atadent  to  recognize  tb« 
iMtb  of  muij  genera  most  frequently  found  foMil  in  the  Newer  Plio- 
cene and  Foat-Plioceae  perioda. 

FVIIM.  Fl|.m.  Flt.lM. 
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CHAPTER  XIV. 

OLDBB  PLIOOBNE  AKD  MIOGBNE   FORHATIONB. 

Strata  of  SnIIblk  termed  Bed  and  Coralliae  Crag — Fouils,  and  proportioo  of  recent 
ipecics— Depth  of  aea  and  climate —BeTerence  oF  SoSblk  Crag  t«  the  Older 
FUocene  period  —  Migration  of  many  gpecie*  of  ihetls  Hmthwardi  daring  the 
glacial  penod  —  Foesil  whales — Antwerp  Crag  —  Subapennine  beds — Ami, 
Sieana,  Rome — Aralo-Caspian  formatioot — Miocene  fbrmatitmi— Falnua  of 
Touraine — Depth  of  lea  and  Jittoral  character  of  fanna — IVopical  climate 
implied  bj  the  t«>tacea — Froportian  of  recent  species  of  ibelll — Faltuu  mora 
ancient  than  the  Sofiolk  Crag — Miocene  strata  of  Bordeaux — of  the  Boldecberg 
ia  Bel|;jam — of  North  Genoanj — Vienna  Batin — l^edmout — McJa«»e  of 
SwitieTland — Leaf-beds  of  Mull  in  Scotland  —  Older  Pliocene  and  Miocene 
formatioDB  in  the  United  State*— Sevilik  Hilli  in  India. 

Thb  older  Pliocene  strata,  which  next  claim  our  attention,  are  chiefly 
confined,  in  Great  Britain,  to  the  eastern  part  of  the  coan^  of  Sof- 
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Mfc,  where,  like  the  Norwich  beds  klreadj  described,  they  k«  called 
"  Crtg,*  a  provincial  name  given  particuhu-ly  to  those  masses  of  shelly 
asnd  whicb  hare  been  used  from  very  ancient  times  in  agriculture,  to 
fertilize  soils  deScient  in  cslctueoos  matter.  The  relative  position  of 
the  "  Bed  Crag  "  in  Essex  to  the  London  clay,  may  be  understood  by 
reference  to  the  accompanying  diagram  (fig.  148.). 

Ftg.  IM. 

Ctulk. 


These  deposits,  according  to  Professor  £.  Forbes,  appear  by  their 
imbedded  shells  to  have  been  formed  in  a  sea  of  moderate  depth, 
usnslljfrom  15  to  2£  fathoms,  bat  in  some  few  spots  perhaps  deeper. 
Tet  tbey  cannot  be  called  littoral,  because  the  faana  is  such  as  may 
have  extended  40  or  50  miles  from  land. 

The  Suffolk  Crag  is  divisible  into  two  masses,  the  upper  of  which 
hu  been  termed  the  Ited,  and  the  lower  tbe  Coralline  Crag.*  The 
npper  deposit  consists  chiefly  of  quartzose  sand,  with  an  occasional 
btenniiture  of  shells,  for  tbe  most  part  rolled,  and  sometimes  com- 
mianted.  In  many  places  fossils  washed  out  of  older  tertiary  strata, 
especially  the  Londou  Clay,  are  met  with.  The  lower  or  coralline 
Cng  is  of  very  limited  extent,  ranging  over  an  area  about  20  miles 
in  length,  and  3  or  4  in  breadth,  between  the  rivers  Aide  and  Stour. 
It  is  generally  calcareous  and  marly — a  mass  of  shells,  bryozoaf, 
lod  small  corals,  passing  occasionally  into  a  soft  building  st43ne.  At 
Sndboum,  near  Orford,  where  it  assumes  this  character,  are  large 
quarries,  in  which  the  bottom  of  it  has  not  been  reached  at  tbe  depth 
of  50  feet  At  some  places  in  the  neighbonrbood,  the  softer  mass  is 
diiided  by  thin  flags  of  hard  limestone,  and  corab  placed  in  the 
Dpright  position  in  which  they  grew. 

The  Red  Crag  is  distinguished  by  the  deep  ferruginous  or  ochreoua 
raloor  of  its  sands  and  fossils,  the  Coralline  by  its  white  colour.  Both 
formatioas  are  of  moderate  thickness ;  the  Bed  Crag  rarely  exceeding 
40,  and  the  Coralline  seldom  amounting  to  20,  feet.  But  their  im- 
portance is  not  to  be  estimated  by  the  density  of  the  mass  of  strata 
ot  its  geographical  extent^  but  by  the  extraordinary  richness  of  its 
organic  remains,  belonging  to  a  very  peculiar  type,  which  seems  to 
characterise  tbe  state  of  the  living  creation  in  the  north  of  Europe 
daring  the  Older  Fliocene  era. 

For  a  large  collection  of  the  flab,  echtnoderms,  shells,  bryozoa,  and 

*  SMpapnbf  RCIiarlecw<]tih,E«q.;  corals,  bU  nowcUned  by  natonliMt  a* 

iMdon  ud  Ed.  Phil.  Msg.  No.  xxxviii.  moUiucB.    Tbe  tenn  Fol^zoum,   ifno- 

P-Sl.,  Aug.  1839.  n;moui  with  Bryiaoitm,  writ,  it  seems, 

t  Ebreoberg  pn^ioMd  in    1S31   the  proposed  in  1S30,  orthe  year  before,  by 

■nBAjasMK,  or  "How-animal,"  fur  Mr.J.O.  Tb<iinpcoii,bntu  less  generally 

tlie  nwUaicoiis   or    aicidiwi   hria   of  adopted.    The  animals  of  the  Zooat&init 

t"^,  thincterinid    by    baring    two  of  Milne  Edwordi  and  Ealmc,  or  lbs  tme 

opeaii^  to  the  duestire  Mck,  at  in  corala,  bare  onlj  ons  opening  to  the 

"dan,  fbabVySettpora,  and  other  stomach. 
*°°Fhj*e>   popularlf   included   in    the 
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corali  of  the  deposits  in  Suffolk,  we  are  indebted  to  ths  Iftboura  of 
Mr.  Searlea  Wood.  Of  testKes  alone  he  hu  obtained  230  spedes 
from  the  Bed,  mod  345  from  the  Coralline  Cng,  about  150 
being  common  to  each.  The  proportion  of  recent  species  ia  tbe 
new  group  is  considered  b^  Mr.  Wood  to  be  about  70*  per  cent, 
and  that  in  the  older  or  Coralline  about  60.  Wlien  I  examined  tfaeoe 
shells  of  Suffolk  in  1835,  with  tbe  assistance  of  Dr.  Beck,  Mr. 
George  Sowerbj,  Mr.  Searles  Wood,  and  other  eminent  concho- 
logists,  I  came  to  tbe  opinion  that  tbe  extinct  species  predomi- 
nated very  decidedly  in  number  orer  the  living.  Becent  investi- 
gations, bowever,  have  thrown  much  new  light  on  the  conchology  of 
ibo  Arctic,  Scandinavian,  British,  Mid  Mediterranean  Seas.  Ibuij 
of  tbe  species  fonnerly  known  calf  as  fossils  of  the  Crag,  and 
supposed  to  have  died  out,  have  been  dredged  up  in  a  living  state 
from  depths  not  previously  explored.  Other  recent  species,  before 
regarded  as  distinct  from  the  nearest  allied  Crag  fossils,  have  been 
observed,  when  numerous  individuals  were  procured,  to  be  liable  to 
much  greater  variation,  both  in  size  and  form,  than  had  been  sus- 
pected, and  thus  have  been  ideolifled.  Consequently,  the  Crag 
fatma  has  been  fonnd  to  approach  much  more  nearly  to  the  recent 
fauna  of  the  Northern,  British,  and  Mediterranean  Seas  than  had  been 
imagined.  The  analogy  of  the  whole  group  of  testacea  to  the 
European  type  is  very  marked,  whether  we  refer  to  the  large  de- 
velopment of  certain  genera  in  number  of  species  or  to  their  size,  or 
to  the  suppression  or  fetble  representation  of  others.  The  indication 
also  afforded  by  the  entire  fauna  of  a  climate  not  much  warmer  than 
that  now  prevailing  iu  corresponding  latitudes,  prepares  us  t«  beliere 
that  ihey  are  not  of  higher  antiquity  than  the  OldOT  Pliocene  era. 

The  position  of  the  Bed  Crag  in  Essex  to  the  subjacent  London  clay 
and  chalk  has  been  already  pointed  out  (fig.  148.).  Whenever  the 
two  divi^ons  are  met  with  in  the  same  district,  the  Bed  Crag  lies 
uppermost ;  and,  in  some  cases,  as  in  the  section  represented  in 
flg.  IA9.,  which  I  had  an  opportunity  of  seeing  exposed  to  view  in 
1839,  it  is  clear  that  tbe  older  or  Coralline  mass  b  had  suffered 
denudation,  before  the  newer  formation  a  was  thrown  down  upon  iL 


At  D  there  is  not  only  a  distinct  cliff,  8  or  10  feet  high,  of  Coralline 
Crag,  running  in  a  direction  N.R  and  S.W,,  against  which  the  red 
crag  abuts  with  its  horiiontal  layers;  but  this  cliff  occasitmally 
overhangs.  The  rock  composing  it  is  drilled  everywhere  by  Fho- 
ladet,  the  holes  which  they  perforated  having  been  afterwards  filled 

'  See  UoQOsr^  on  the  Crsg  Ifonosca,    8«ul«i  Wood,  Psleont  Soc  1648. 
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with  saad  sad  covered  over  when  the  newer  beds  were  thrown  down. 
As  the  older  formktion  is  shown  by  its  fossils  to  have  accamnlated 
in  ft  deeper  sea  (15,  and  sometimes  25,  fathoms  deep  or  more),  there 
most  no  doubt  have  been  an  upheaval  of  the  sea-bottom  before  the 
diff  here  alladed  to  was  shifted  oat  We  may  also  conclude  that  so 
great  an  amount  of  denudation  could  scarcely  take  place,  in  such  in- 
coherent materials,  without  many  of  the  fossils  of  the  inferior  beds 
becoming  mixed  up  with  the  overlying  crag,  so  that  considerable 
difficulty  most  he  occadonally  experieaced  by  the  paleontologists  in 
deciding  which  species  belong  severally  to  each  group. 

Tbe  Red  Crag  being  formed  in  a  shallower  sea,  often  resembles  in 
etraclara  a  shifUng  sand-bank,  its  layers  being  inclined  diagonally, 
and  the  planes  of  stratification  being  aometimeB  directed  in  the  same 
qnarry  to  the  four  cardinal  points  of  the  compass,  as  at  Butley.  That 
in  this  and  many  other  localities,  such  a  structure  is  not  deceptive 
or  due  to  any  subsequent  concretionary  rearrangement  of  particles, 
or  to  mere  lines  of  colour,  is  proved  by  each  bed  being  made  up  of 
flat  pieces  of  shell  which  lie  parallel  to  the  planes  of  the  smaller 
strata. 

Some  fossils,  which  are  very  abundant  in  tbe  Red  Crag,  have  never 
been  found  in  the  white  or  coralline  division ;  as,  for  example,  the 
Futia  eontraritu  (fig.  150.),  and  several  species  of  Martx  and 
Buecinum  (or  Naua)  (see  figs.  151,  152.),  which  two  genera  seem 
wanting  in  the  lower  cntg. 


Fl(.  IH.  FiiHfli  duneterlitle  of  Ihs  Bad  Cnf. 


Fig.  111. 


Among  the  bones  and  teelh  of  fishes  are  those  of  large  sharks 
(  Carekarodon),  and  a  gigantic  skate  of  tbe  extinct  genus  Myliobattt, 
and  many  other  forms,  some  common  to  our  seas,  and  many  foreign 
to  tbeo).  It  is  questionable,  however,  whether  all  these  can  really 
be  ascribed  to  the  era  of  the  Red  Crag.  Not  a  few  of  them  may 
possibly  have  been  derived  from  older  strata,  especially  from  those 
Upper  Eocene  formations  to  be  described  in  the  next  chapter,  which 
are  largely,  developed  in  Belgium,  and  of  which  a  fragment  (the 
Sempstead  beds  of  Forbes)  escaped  denudation  in  England. 

The  distinctness  of  the  fossib  of  the  Coralline  from  those  of  the 
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Bed  Crag,  anaea  in  pmrt  from  their  higher  antiquity,  and,  in  some 
degree,  from  a  difference  in  the  ge(^:rapbicKl  conditions  of  the 
submarine  bottom.  The  prolific  growth  of  corals,  echini,  and  a 
prodigious  Tarietj  of  testacea  and  brjozoa,  implies  a  region  of 
deeper  and  more  tranquil  wftter;  whereas,  the  Bed  Cr^  may  have  been 
formed  afterwards  on  the  same  spot,  when  the  water  was  shallower. 
In  the  mean  time  the  climato  may  have  become  somewhat  cooler,  and 
some  of  the  zoophytes  which  flooriahed  in  the  first  period  may  have 
disappeared,  so  that  the  fauna  of  the  Bed  Crag  acquired  a  character 
somewhat  more  nearly  resembling  that  of  our  northern  seas,  as  is 
implied  by  the  large  development  of  certain  sections  of  the  gener* 
Fusut,  Bvcdnum,  Purpura,  and  TVochut,  proper  to  higher  ladtudea, 
and  which  are  wanting  or  feebly  represented  in  the  inferior  crag. 

Some  of  the  corals  and  bryozoa  of  the  lower  crag  of  Suffolk  belong 
to  genera  unknown  in  the  living  creadon,  and  of  a  very  peculiar 
itrncture ;  aa,  for  example,  that  represented  in  the  annexed  fig.  (154.X 

Flt.lM. 


BrroiDan  of  (ittact  (mni,  from  Iha  inftrlor  or  CouIILm  Cng,  Buffslk. 
a.  nl*i1or.  »,  Tertleid  HcckHi  of  iDlarlsr.  i.  partoo  of  aUrUir  uiinlSiiil. 

rf.  panlDii  of  lMcTlarini«nllid,  ilioiiliillullllimide  npof  loDg.  Ibtn,  tinlgbl  tuba,  unlud 

which  is  one  of  several  species  having  a  globular  form.  The  great 
number  and  variety  of  these  zoophytes  probably  indicate  an  equable 
climate,  free  from  intense  cold  in  winter.  On  the  other  hand,  that 
the  beat  was  never  excessive  is  confirmed  by  the  prevalence  of 
northern  forms  among  the  testacea,  sucb  as  the  Glyeimeru,  Cyprina, 
and  Astarte.     Of  the  genos  last  mentioned  (see  fig.  155.)  there  are 
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kbont  fourteen  species,  many  of  them  being  rich  in  individuals ;  and 
there  is  an  absence  of  genera  peculiar  to  hot  climates,  such  as  Co*tu, 


Mltld^Cgr.WK^ 
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Wm,  JUUra,  Fateiolaria,  Crauatella,  and  others.  The  < 
[Cfprtta,  fig.  153),  also,  are  small,  and  belong  to  a  section  (Trivia) 
now  inhabiting  the  colder  regions.  A  lai^  volute,  called  Vokita 
Lamherti  (fig.  I56-),  maj  seem  an  exception ;  but  it  differs  in  form 
froffi  the  Tolotes  of  the  torrid  sone,  and  may,  like  the  living  Vblula 
HageUainea,  ha've  been  fitted  for  an  extra-tropical  climate. 

The  occorrence  of  a  species  of  Lirtgula  at  Sutton  (see  fig.  160.) 
ia  worthy  of  remark,  as  these  Brachiopoda  seem  now  confined  to 
more  equatorial  latitudes;  and  the  same  may  be  said  still  more 
decidedly  of  a  species  of  Pj/rula,  supposed  by  Mr.  Wood  to  be 
identical  with  P.  reticulata  (fig.  157.),  now  living  in  the  Indian 
Ocean.  A  genus  also  of  echinoderms,  called  by  Professor  Forbes 
Tmnwhinut  (fig.  158.),  is  peculiar  to  the  Red  and  Coralline  Crag 
■>f  SuSolk.  The  only  species  now  living  occur  in  the  Indian  Ocean, 
^^ther,  therefore,  we  may  incline  to  the  belief  that  the  mean  annual 
temperature  was  higher  or  lower  tfau)  now,  we  may  at  least  infer 
thit  the  climate  and  geographical  conditions  were  by  no  means  the 
■use  at  the  period  of  the  Suffolk  Crag  as  those  which  now  prevail  in 
the  Mine  region. 

Ooe  of  the  most  interesting  conclusions  deduced  from  a  careful 
""npwTson  of  the  shells  of  these  Brilaah  Older  Pliocene  strata 
ud  the  fauna  of  our  present  seas,  has  been  pointed  out  by  Prof. 
^  Forbes.  It  appears  that,  during  the  glacial  period,  a  period 
inieraiediate,  as  we  have  seen,  between  that  of  the  crag  and  our  own 
luBe,  msnjF  shells,  previously  established  in  the  temperate  zone,  re- 
■t^ted  southwards  to  avoid  an  uncongenial  climate.  The  Proftssor 
^  given  a  list  of  fifty  shelb  which  inhabited  the  British  seas  while 
'm  Coralline  and  Eed  Crag  were  forming,  and  which,  though  now 
liTing  in  our  geas,  are  all  wanting  in  the  Pleistocene  or  glacial 
'%^its.  They  must  therefore,  after  their  migration  to  the  south, 
*>uch  took  place  during  the  glacial  period,  have  made  their  way 
"^rtbwsrda  again.  In  corroboration  of  these  views,  it  is.  stated  that 
*"  these  fif^  species  occur  fossil  in  the  Newer  Riocene  strata  of 
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Sicily,  Soathem  Jtalj,  tnd  the  Gredan  Archipelago,  where  the^maj 
have  enjojed,  during  the  era  of  floatiag  icebergs,  a  climate  resemhliiig 
that  now  prevailing  in  higher  European  latitudes.* 

In  the  Ked  Crag  at  Fetizstow,  in  Suffolk,  Professor  Henslow  haa 
found  the  ear-bones  of  one  or  more  species  of  cetacea,  which,  ac- 
cording to  Prof.  Owen,  are  the  remuns  of  true  whales  of  the  familj 
Balanida{6g-  159.).  Mr,  Wood  is  of  opinion  that  tbese  cetacea  may 
be  of  the  age  of  the  Red  Crag,  or  if  not  that  thej  maj  be  deriv^ 
from  the  destruction  of  beds  of  Coralline  Crag. 

Antwerp. — Strata  of  the  same  age  as  the  Bed  and  Coralline  Crag  of 
Sufiblk  have  been  long  known  in  the  couQtij  round  Antwerp  and  on 
the  banks  of  the  Scheldt,  below  that  city.    More  than  200  species  of 
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testacea  have  been  collected  bj  UM.  De  Wael,  Njst,  and  other% 
of  which  two-thirds  have  been  identified  with  Suffolk  fossils  by  Mr. 
Wood.  Among  these  he  recf^izes  Lingula  DumortUH  of  Nyst 
(fig.  160.),  which  I  found  in  abundance  at  Antwerp  in  18S1,  in  what 
is  called  by  M.  de  Wael  the  middle  crag.  More  than  half  of  the 
shells  of  this  Antwerp  deposit  agree  with  living  species,  and  these 
belong  in  great  part  to  the  fauna  of  our  northern  seas,  though  some 
Hediterranean  species  are  not  wanting.  I  also  met  with  numerous 
cetacean  bones  of  the  genera  BaltenopUra  and  Ztphitu  in  the  same 
formation.  They  are  not  at  all  rolled,  as  if  washed  out  of  older  beds, 
and  I  infer  that  the  animals  to  which  they  belonged  once  coexisted 
in  the  same  sea  with  the  associated  mollusca-t 

Normandy. — >I  observed  in  1840  a  small  patch  of  shells  corre- 
sponding to  those  of  the  Sufiblk  Crag,  near  Valognes,  in  Normandy; 
and  there  is  a  deposit  containing  similar  fossils  at  St.  Geor^ 
Bohon,  and  several  places  a  few  leagues  to  the  S.  of  Carentan,  in 
Normandy ;  but  they  have  never  been  traced  farther  southwards. 

Sttbapennine  gtrala. — The  Apennines,  it  is  well  known,  are  com~ 
posed  chiefiy  of  secondary  rocks,  forming  a  chain  which  branches  off 
from  the  Ligurian  Alps  and  passes  down  the* middle  of  the  Italian 
peninsula.  At  the  foot  of  these  mountains,  on  the  side  both  of  the 
Adriatic  and  the  Mediterranean,  are  found  a  series  of  tertiary  strata, 
which  form,  for  the  most  part,  a  line  of  low  hills  occupying  the  space 
between  the  older  chain  and  the  sea.  Broccbi,  as  we  have  seen 
(p.  111.),  was  the  first  Italian  geologist  who  described  this  newer 
group  in  detail,  giving  it  the  name  of  the  Subapennines ;  and  he 
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c^Bsed  all  the  tertift^  atriita  of  Italy,  {roin  F^edmont  to  Calabria,  u 
ptrts  of  the  Mme  sjetem.  CertMn  mineral  characters,  he  observed, 
were  common  to  the  whole  ;  for  the  strata  conHSt  generallj  of  light 
brown  or  blue  marl,  covered  by  Tellow  calcareous  sand  and  graveL 
There  are  also,  he  added,  some  species  of  fossil  shells  which  are  found 
in  these  deposits  throughout  the  whole  of  Italj'. 

We  have  now,  however,  satisfactorjr  evidence  that  the  Subapennine 
beds  of  Brocchi,  although  chiefly  composed  of  Older  Pliocene  strata, 
tielong  nevertheless,  in  part,  both  to  older  and  newer  members  of  the 
tertiary  series.  The  strata,  for  example,  of  the  Superga,  near  Turin, 
are  Miocene ;  those  of  Asti  and  Parma  Older  Pliocene,  as  is  the  blue 
marl  of  Sienna ;  while  the  shells  of  the  incumbent  yellow  sand  of  the 
same  territory  approach  more  nearly  to  the  recent  fonna  of  the  Medi- 
terranean, and  may  be  Newer  Pliocene. 

The  greyish-brown  or  blue  marl  of  the  Subapennine  formation  is 
-very  aluminous,  and  usually  contains  much  calcareous  matter  and 
scales  of  mica,  ^ear  Parma  it  attains  a  thickness  of  2000  feet,  and 
is  charged  throughout  with  marine  shells,  some  of  which  lived  in 
deep,  others  in  shallow  water,  while  a  few  belong  to  freshwater 
genera,  and  must  have  been  washed  in  by  rivers.  Among  these 
last  I  have  seen  the  common  Limttta  paluttri*  in  the  blue  marl, 
filled  with  small  marine  shells.  The  wood  and  leaves,  which  occa- 
sionsUy  form  beds  of  lignite  in  the  same  deposit,  may  have  been 
carried  into  the  sea  by  similar  causes.  The  sheila,  in  general,  are  soft 
when  first  taken  from  the  marl,  but  they  become  hard  when  dried. 
The  superficial  enamel  is  often  well  preserved,  and  many  stells 
retain  their  pearly  lustre,  part  of  their  external  colonr,  and  even 
the  ligament  which  unites  the  valves.  No  shells  are  more  usually 
perfect  than  the  microscopic  foraminifera,  which  abound  near  Sienna, 
where  more  than  a  thousand  fuU-grovni  individuals  may  be  sometimea 
poured  out  of  the  interior  of  a  single  univalve  of  moderate  dimensions. 

The  other  member  of  the  Subapennine  group,  the  yellow  sand  and 
conglomerate,  constitutes,  in  most  places,  a  border  formation  near  the 
junction  of  the  tertiary  and  secondary  rocks.  In  some  cases,  as  near 
the  town  of  Sienna,  we  see  sand  and  calcareous  gravel  resting  imme- 
diately on  the  Apennine  limestone,  without  the  intervention  of  any 
bine  marl.  Alternations  are  there  seen  of  beds  containing  fluviatile 
shells,  with  others  filled  exclusively  with  marine  species ;  and  I  ob- 
served oysters  attached  to  many  limestone  pebbles.  The  site  of 
Sienna  appears  to  have  been  a  point  where  a  river,  flowing  from  the 
Apennines,  entered  thejeawhen  the  tertiary  strata  were  formed. 

The  sand  passes  in  some  districts  into  a  calcareous  sandstone,  as 
at  San  Vignone.  Its  general  superposition  to  the  marl,  even  in  parts 
of  Italy  and  Sicily  where  the  date  of  its  origin  is  very  distinct,  may 
be  explained  if  we  consider  that  it  may  represent  the  deltas  of  rivers 
and  torrents,  which  gained  npon  the  bed  of  the  sea  where  blue  mari 
had  previously  been  deposited.  The  latter,  being  composed  of  tbe 
finer  and  more  transportable  mud,  would  be  conveyed  to  a  distance, 
and  first  occupy  the  bottom,  over  which   sand  and  pebbles  would 
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aflerwardB  be  Bpreatl,  in  proportion  u  rivers  pushed  their  deltas 
farther  outwards.  In  some  large  tracts  of  yellow  sand  it  is  impoP- 
Bible  to  detect  a  single  fossil,  while  ia  other  places  thej  occur  in 
profusion.  Occasiontdly  the  shells  are  silirafied,  h  at  ^n  Titak, 
near  Farms,  from  whence  I  saw  two  individuals  of  recent  specie:^ 
one  freshwater  and  the  other  marine  (Limnea  paiustru,  and  Cytherea 
eoncentrka,  Lnm.),  both  perfectly  converted  into  flint. 

Some. — The  seven  hills  of  Borne  are  composed  partly  of  marine 
tertiary  strata,  those  of  Kbinte  Mario,  for  example,  of  the  Older 
Pliocene  period,  and  partly  of  superimposed  volcanic  tu^  on  the 
top  of  which  are  osaally  cappings  of  a  flaviatile  and  lacustrine 
deposit.  Thus,  on  Mount  Aventine,  the  Vatican,  and  the  Capitol, 
we  find  beds  of  calcareoas  tufa  with  incmsted  reeds,  and  recent  ter- 
restrial shells,  at  the  height  of  about  200  feet  above  the  alluvial  plain 
of  the  Tiber.,  The  tusk  of  the  mammoth  has  been  procured  from 
this  fonnalnon,  but  the  shells  appear  to  be  all  of  living  species,  and 
must  have  been  imbedded  wbeu  tbe  summit  of  the  Capitol  was  a 
marsh,  and  constituted  one  of  the  lowest  hollows  of  the  country  as  it 
then  existed.  It  is  not  without  interest  that  we  thus  discover  the 
extremely  recent  date  of  a  geological  event  which  preceded  an  his- 
torical era  bo  remote  as  the  building  of  Rome. 

Arato-COftpian  formationt. —  This  name  has  been  given  by  Sir  R. 
Murchison  and  M.  de  Verneuil  to  the  limestone  and  associated  sandy 
beds,  of  brackish- water  origin,  which  have  been  traced  over  a  very 
extensive  area  surrounding  the  Caspian,  Azof,  and  Aral  Seas,  and 
parts  of  the  northern  and  western  coasts  of  the  Black  Sea.  The 
fossil  shells  are  partly  freshwater,  as  Paludina,  Ntritina,  &c,  and  partly 
marine^  of  tbe  family  Cardiacite  and  MytiiU.  The  species  are  iden- 
tical, in  great  part,  with  those  now  inhabiting  the  Caspian  ;  and  when 
not  living,  they  are  anali^us  to  forms  now  found  in  the  inland  seas 
of  Asia,  rather  than  to  oceanic  types.  The  limestone  rises  occa- 
sionally to  the  height  of  several  hundred  feet  above  the  sea,  and  is 
supposed  to  indicate  the  former  existence  of  a  vast  inland  sheet  of 
brackish  water  as  large  as  the  Mediterranean,  or  larger. 

The  proportion  of  recent  species  agreeing  with  the  fauna  of  the 
Caspian  is  so  considerable  as  to  leave  no  doubt  in  tbe  minds  of  tbe 
geologists  above  cited,  that  this  rock,  also  called  by  them  the  "  Steppe 
Limestone,"  belongs  to  the  Pliocene  period.t 

MIOCKHE  FORUATIOKa. 

Faluns  <if  Tourame. — The  strata  which  we  meet  with  next  in  the 
descending  order  are  those  called  by  many  geologists  "  Middle  Ter- 
tiary," and  for  which  in  1833  I  proposed  the  name  of  Miocene, 
selecting  the  faluns  of  the  valley  of  the  Loire  in  France  as  my 
example  or  type.  No  strata  conlempontneous  with  these  formations 
have  as  yet  been  met  with  in  the  British  Isles,  where  the  lower  crag 
of  Suffolk  is  the  deposit  nearest  in  age.  Tbe  term  "faluns"  is 
given  provincially  by  French  agriculturists  to  shelly  sand  and  marl 
■  G«oL  of  Ruttia,  p,  379.  &c 
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tpretA  over  the  Und  id  Tounuoe,  just  as  the  "crag*wu  formerly 
much  uaed  to  fertilize  the  soil  in  Suffolk.  Isolated  muses  of  such 
fklaos  occur  from  near  the  mouth  of  the  Loire,  in  the  neighbourhood 
lit  Nsntes,  to  as  far  inknd  as  k  district  soath  of  Tours.  They  are 
aljo  found  at  Pontlevoy,  on  the  Cher,  about  70  miles  above  the 
juQClion  of  that  river  with  the  Loire,  and  30  miles  S.  E.  of  Toura. 
Depoails  of  the  same  age  also  appear  ander  new  miaefal  conditions 
near  the  towns  of  Dinan  and  Rennes,  in  Brittan)'.  I  have  visited  all 
the  localities  above  enamerated,  and  found  the  beds  on  the  Ijoire  to 
con^at  principally  of  sand  and  marl,  in  which  are  ahelb  and  corala, 
KHDe  entire,  some  rolled,  and  others  in  minute  fragments.  In  certain 
districts,  as  at  Don^  in  the  department  of  Maine  and  Loire,  10  miles 
Sl  W.  of  Sanmur,  they  form  a  soft  building-stone,  chiefly  composed 
of  in  aggregate  of  broken  shells,  bryosoa,  corals,  and  eciiinoderms, 
anited  by  a  calcareous  cement ;  the  whole  mass  being  very  like  the 
Conlline  Crag  near  Aldborough  and  Sudboum  in  SuHbtk.  The 
Katlered  patches  of  faluns  are  of  slight  thickness,  rarely  exceeding 
Mfeet;  and  between  the  district  called  Sologne  and  the  sea  they 
repoM  on  a  great  variety  of  older  rocks ;  being  seen  to  rest  succes- 
wvely  npon  gneiss,  clayslate,  various  secondary  formations,  including 
the  cha^;  and,  lastly,  upon  the  upper  freshwater  limestone  of  the 
Parisian  tertiary  series,  which,  as  before  mentioned  (p.  111.),  stretches 
coniinuoasly  from  the  basin  of  the  Seine  to  that  of  the  Loire. 

At  some  points,  as  at  Lonans,  south  of  Tours,  the  abcUs  are  stained 

of  a  ierruginoua  colour,  not  unlike  that  of  the  Bed  Crag  of  Suffolk. 

The  species  are,  for  the  most  part,  marine,  but  a  few  of  them  belong 

to  Und  and  fluviatile  genera.     Among  the  former,  nelix  turoneniit 

Pi(.  lei.  (fig.  45.  p.  30.)  is  the  most  abundant. 

^^^^^^^        Bemains  of  terrestrial  quadrupeds  are  here 

^^^^^^^^^^■^  and  there  intermixed,   belonging  to  the 

j^^^^^^^^^KP  genera  Deinotherium  (fig.  161.)^  Mastodon, 

^^^^^^^HH^^^    Bhinoceros,    Hippopotamus,    Clueropota- 

^^^3^^^     mus,  Dicbobune,  Deer,  and  others,  and 

JH^^^^^^P     these  are  accompanied  by  cetacea,  such 

^^^^^^^^^      as  the  Lamantine,  Morse,    Sea-calf,   and 

^B  Dolphin,  all  of  extinct  species. 

^P  I^ofesaor  K.  Forbes,  after  studying  the 

1  fossil  tesUcea  which  I  obtained  from  these 

^L  beds,  informs  me  that  be  has  no  doubt 

rrrfi..niif.Mjm..f..r.iT      they  were  formed   partly  on  the  shore 

itself  at  the  level  of  low  water,  and  partly  at  very  moderate  deptha, 

not  exceeding  ten  fathoms  below  that  level.     The  molluscous  fauna 

of  the  "falnns"  is  on  the  whole  much  more  littoral  than  that  of  the 

^  and  Conlline  Crag  of  Suffolk,  and  implies  a  shallower  sea.    It  is, 

iwreover,  contrasted  with  the  Suffolk  Crag  by  the  indications  it 

iffbrds  of  an  extra-European  climate.    Thus  it  contains  seven  species 

of  Cgpriea,  some  larger  than  any  existing  cowry  of  the  Mediterranean, 

«reral  species  of  Oliva,  ATiciiiaria,  Mitra,  Terebra,  Fyrtila,  Fat' 

"^Tia,  and   Cotuu.    Of  the  cones  there  are  no  less  than  eight 
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species,  some  very  large,  where&s  the  only  European  cone  is  of  di- 
minntire  size,  liie  genus  Nerita,  and  mttny  others,  sre  also  repre- 
sented bj  individuals  of  n  type  now  chsracteriatic  of  equatorial  seas, 
and  wholly  unlike  any  Mediterranean  forms.  These  proofs  of  a  more 
elevated  temperature  seem  to  imply  the  higher  antiquity  of  the  falnns 
as  compared  with  the  Suffolk  Crag,  and  are  in  perfect  accordance 
with  the  fact  of  the  smaller  proportion  of  tastacea  of  recent  spe«»ea 
found  in  the  falnns. 

Out  of  290  species  of  shells,  collected  by  myself  in  1840  at 
Pontlevoy,  I^onans,  Boss^,  and  other  villages  twenty  miles  sonth  of 
Tour« ;  and  at  Savign^  about  fifteen  miles  north-west  of  that  place ; 
seventy-two  only  could  be  identified  with  recent  species,  which  is  in 
the  proportion  of  twenty-five  per  cent  A  large  number  of  the  290 
species  are  conunon  to  all  the  localities,  Mtow  peculiar  to  each  not 
being  more  numerous  than  we  might  expect  to  find  in  different  baya 
of  the  same  sea. 

The  total  number  of  testaceous  mollnsca  fW>m  tbe  falnns,  in  mj 
possession,  is  302,  of  which  forty-five  only  were  found  by  Mr.  Wood 
to  be  common  to  the  Suffolk  Crag.  The  number  of  corals,  including 
bryosoa  and  zoanthu-ia,  obtained  by  me  at  Don^  and  other  locatiliea 
before  adverted  to,  amounts  to  forty-three,  as  determined  by  Hr. 
Lonsdale,  of  which  seven  (one  of  them  a  zoantharian)  agree  spe- 
cifically with  those  of  the  Suffolk  Crag.  Only  one  has,  as  yet,  been 
identified  with  a  living  species.  But  it  is  difficult,  notwithstanding 
the  advances  recently  made  hj  MM.  Dana,  Milne  Edwards,  Haime, 
and  Lonsdale,  to  institute  a  satisfactory  comparison  between  recent 
and  fosdl  Eoantfaaria  and  bryozoa.  Some  of  the  genera  occurring 
fossil  in  Touraine,  as  the  Attrea,  DendropkyUia,  LuHvUtet,  have  not 
been  found  in  European  seas  north  of  the  Mediterranean;  nevertheless 
the  zoantharia  of  the  faluns  do  not  seem  to  indicate  on  the  whole  so 
warm  a  climate  as  would  be  inferred  from  the  shells. 

It  was  stated  that,  on  comparing  about  300  species  of  Tonrsine 
shells  with  about  460  from  the  Suffolk  Crag,  forty-five  only  were 
found  to  be  common  to  both,  which  is  in  the  proportion  of  only  fifteen 
per  cent.  The  same  small  amount  of  agreement  is  found  in  the 
corals  also.  I  formerly  endeavoured  to  reconcile  this  marked  dif- 
fdrence  in  species  vrith  the  supposed  co-existence  of  the  two  faunas, 
by  imagining  them  to  have  severalty  belonged  to  distinct  aoolt^csl 
provinces  or  two  seas,  the  one  opening  to  the  north,  and  the  other  to 
the  south,  with  a  barrier  of  land  twtween  them,  like  the  lathmns  of 
Suez,  separating  the  Bed  Sea  and  the  Mediterranean.  But  I  bow 
abandon  that  idea  for  several  reasons ;  among  others,  because  I  suc- 
ceeded in  1841  in  tradng  the  Crag  fknna  southwards  in  Normandy- 
to  within  seventy  miles  of  the  Falunian  type,  near  Dinao,  jvt  fooad 
that  both  assemblages  of  fossils  retained  their  distinctive  dutracter^ 
showing  no  signs  of  any  blending  of  species  or  transition  of  climate. 

On  a  comparison  of  280  Mediterranean  shells  with  600  British 
species,  made  for  me  by  an  experienced  conchologist  in  1641,  IGO 
were  found  to  be  common  to  both  collections,  which  is  in  the  pr(»- 
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portionoffif^-seTen  per  cent,  a  fourfold  grpater  apedfic  resemblanoa 
than  between  the  seu  of  the  crag  and  the  faluns,  notwithstanding 
the  greater  geographical  distance  between  England  and  the  Meditei^ 
ranean  than  between  Suffolk  and  the  Loire.  The  principal  grounds, 
hovever,  for  referring  the  English  crag  to  tbe  Older  Pliocene  and  the 
French  falnna  to  the  Miocene  epochs,  consist  in  the  predominance  of 
fossil  shells  in  the  British  strata  identifiable  with  species,  not  only  still 
Urimg,  bat  which  are  now  inhabitants  of  neighbouring  seas,  while 
the  accompanying  extinct  species  are  of  genera  such  as  characterise 
Earope.  In  die  faluns,  on  the  contrary,  the  recent  species  are  in  a 
decided  minority ;  and  moat  of  them  are  now  inhabitants  of  the  Medi- 
terranean, the  coast  of  Africa,  and  the  Indian  Ocean ;  in  a  word,  lets 
northern  in  character  and  pointing  to  the  prevalence  of  a  warmer 
climMe.  They  indicate  a  state  of  thin^  receding  farther  from  the 
present  condition  of  central  Europe  in  physical  geography  and  climate, 
and  doubtless,  therefore,  receding  farther  from  our  era  in  time. 
-  Bordeaux. — A  great  extent  of  country  between  the  Pyrenees  and 
the  Ciironde  is  overspread  by  tertiary  deposits  of  varioiis  ages  from 
the  Eocene  to  the  Pliocene.  Among  these,  especislly  near  Saucats  in 
the  environs  of  Bordeaux,  and  at  M^rignac  and  Bazas  in  the  same 
region,  are  sands  containing  marine  shells,  and  corals  of  the  ^pe  of 
the  Tonraine  faluns.*  • 

BtigmfK, — In  a  small  bill  or  ridge  called  the  Bolderbei^,  which  I 

visited  in  1851,  situated  near  Hasselt,  about  forty  miles  E.  N.  E.  of 

Bmssela,  strata  of  sand  and  gravel  occur,  to  which  M.  Dumont  first 

called  attention  as  appearing  to  constitute  a  northeni  representative 

of  the  faluns  of  Tonraine.     They  are  quite  distinct  in  their  fossils 

from  the  Antwerp  Crag  before  mentioned,  and  contain  shells  of  the 

Fif.  lo.  ■   8^"^™  Olioa,   Conut,  AneiUaria,  Pleurotoma, 

and    Canceliaria    in    abnndance.      The  most 

J^  '^k       common  shell  is  an  Olive  (see  <fig.  162.),  called 

Kf^k        sjB      ^y  -^7"'  '-'''"^  Dttfremii,  Bast,  i  but  which  is 

Ulj^L.^  D^H      undoubtedly,  as  M.  Bosquet  observes,  smaller 

^       liH      "^^  shorter  than  the  Bordeaux  species.! 

VV        VV  North  Germany.— Vin  learn  from  the  able 

^^  ^^       treatise  published  by  M.  Beyrich,  in  1853,  that 

'»Si.Brt5ii£°^t^^"  "'^  fossil  fauna  above  alluded  to,  which  is  so 

a.thiatTi«;*.iwk>i^.    meagrely  exhibited  in  the  Bolderberg,  is  rich 

in  species  in  other  localities  in  2forth  Germany,  as  in  Mecklenburg 

Loueburg,  the  IsUnd  Sylt,  and  at  Bersenbrhck  nwth  of  Osnabriick, 

in  Westphalia,  where  it  was  first  observed  by  F.  Romer.    It  is  also 

said  to  occur  at  Bocholt,  and  other  points  in  Westphalia;  on  the  borders 

(^  Holland  ;  also  at  Crefeld  and  Dusseldorf.   Not  having  visited  these 

localities,  I  can  offer  no  opinion  as  to  the  agreement  in  age  of  the 

several  deposits  here  enumerated. 

seem*  to  be  copied  from  that  gireu  by 
-  Banerot  of  the  Bordesnx  foteiL 

t  Lnll  on  Belgian  TerUoriea,  Qaut.        %  Die  Conchylien  da  Hordd«atKlwn 
Qeid.JaiinLl8aa,p.asG.     Nyu'i  figure    TertiiirgebiT^  :  BvUn,  1658. 
US 
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Vienna  ba*in. — In  South  Germany  the  general  reaemblanoe  of 
the  shells  of  the  Vienna  tertiary  basin  with  those  of  the  faluni  of 
Touraine  has  long  been  acknowledged.  In  Dr.  Homes'  excellent  work, 
reccntlf  commenced,  on  the  fossil  mollusca  of  that  formation,  we  see 
figures  of  many  shells  of  the  genus  Contu,  some  of  large  size,  clearly 
of  the  same  species  aa  those  found  in  the  falunian  sands  of  Tourune. 
M.  Alcide  d'Orbigny  has  also  shown  that  the  foraminifera  of  iho 
Vienna  basin  ditfer  alike  from  the  Eocene  and  Pliocene  species,  snd 
^ree  with  those  of  the  faluns,  so  far  as  the  latter  are  known.  AmoDg 
the  Vienna  foraminifera,  the  genus  Amphut^na  (fig.  163.)  is  very 
Fia.  ifis. 


JilpUi<((fiu  Hamenaa,  D'Orb.    Vlmni,  nlocHM  nnu. 

charmcteristic,  and  is  supposed  by  Architu:  to  take  the  same  place 
among  the  foraminifera  of  the  KGocene  era,  which  the  Xummulites 
occupy  in  the*£ocene  period. 

The  Vienna  basin  is  thought  by  some  geologists  to  comprise 
tertiary  strata  of  more  than  one  age,  the  lowest  strata  reached  in 
boring  Artesian  wells  being  older  than  tlie  faluns. 

Piedmont.  —  Steitzerland.  —  To  the  same  Miocene  or  "  falunian  " 
epoch,  we  may  refer  a  portion  of  the  strata  of  the  Hill  of  the  Superga 
near  Turin  in  Piedmont  *,  as  also  part  of  the  Molasse  of  Switzer- 
land, or  the  greenish  sand  which  fills  the  great  Swiss  valley  between 
the  Alps  and  the  Jura.  At  the  foot  of  the  Alps  it  usually  takes 
the  form  of  a  cbnglomerate  called  provincially  "  nagelflue,"  eome- 
times  attaining  the  truly  wonderful  thickness  of  6000  and  8000  feet, 
as  in  the  Rigi  near  Lucerne  and  in  the  Speer  near  Wesen.  Tlie 
lower  portion  of  this  molasse  is  of  freshwater  origin. 

Scotland.  —  Itle  of  Mull.  —  In  the  sea-cliffs  forming  the  head- 
land of  Ardtun  on  the  west  coast  of  Mull,  in  the  Hebrides,  several 
bands  of  tertiary  strata  containing  leaves  of  dicotyledonous  plants 
were  discovered  in  1S5I  by  the  Duke  of  Argyle.  f  From  his  descrip- 
tion it  appears  that  there  are  three  leaf-beds,  varying  in  thickness 
from  1^  to  2^  feet,  which  are  interstrattfied  with  volcanic  tuff  and 
trap,  the  whole  mass  being  about  130  feet  in  thickness.  A  sheet 
of  ba!>alt  40  feet  thick  covers  the  whole  ;  and  another  colnmnar 
bed  of  the  same  rock  10  feet  thick  is  exposed  at  the  bottom  of 
the  cliff.  One  of  the  leaf-beds  connsts  of  a  compressed  mass  of 
leaves  unaccompanied  by  any  stems,  as  if  tUey  had  been  blown  into 
a  marsh  where  a  species  of  EquUetum  grew,  of  which  the  remains 
are  plentifully  imbedded  in  clay. 

■  Sm  Sig.  OioT.  Hkfielotti'i  wob.  f  f^aaA  Ged.  Joom.  1851,  p.  89. 
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It  is  supposed  b;^  the  Duke  of  Argyle  that  this  fornuttion  was 
Rccaniulated  in  a.  shallow  lake  or  marsh  in  the  neigfaboarhood  of 
ft  volcaoo,  which  emitted  showers  of  Kshee  and  streams  of  kva. 
The  tQfaceons  envelope  of  the  fossils  may  have  fallen  into  the  lake 
from  the  ur  as  volcanic  dust,  or  have  been  washed  down  into  it  as 
mud  from  the  adjoining  land.  The  deposit  is  decidedly  newer  than 
the  chalk,  for  chalk  flints  containing  cretaceous  fossils  were  detected 
by  the  Duke  in  the  principal  mass  of  volcanic  ashes  or  tutf.* 

The  leaves  belong  to  species,  and  sometimes  even  to  families,  no 
longer  indigenous  in  the  British  Isles  ;  and  "  their  climatal  aspect," 
says  Prof.  £.  Forhes,  "is  more  mid-European  than  that  of  the  English 
Eocene  Flora.  They  also  resemble  some  of  the  Miocene  plants  of 
Croatia  described  by  Unger."  Some  of  them  appear  to  beloo};  to  a 
conirerous  tree,  possibly  a  yew  (Ta^ru*);  others,  still  more  abundant, 
to  a  plane  (Halanut),  having  the  same  oatline  and  veining  well 
preserved.  No  accompanying  fossil  shells  have  been  met  with,  and 
there  seems  therefore  the  same  uncertainty  in  determining  whether 
these  beds  are  Upper  Eocene  or  Miocene,  which  we  experience  when 
we  endeavonr  to  fix  the  ^e  of  many  continental  firawn-Coal  form- 
atioos,  those  of  Croatia  not  excepted. 

These  interesting  discoveries  in  Mull  naturally  raise  the  qnes> 
tion,  whether  the  basalt  of  Antrim  in  Ireland,  and  of  the  cele- 
brated Giant's  Causeway,  may  not  be  of  the  same  age.  For  in 
Antrim  the  basalt  overlies  the  chalk,  and  the  upper  tnaes  of  it 
covers  everywhere  a  bed  of  lignite  and  charcoal,  in  which  wood, 
with  the  fibre  well  preserved,  and  evidently  dicotyledonous,  is  pre- 
served.'f'  The  general  dearth  of  strata  in  the  British  Isles,  inter- 
mediate  in  sge  between  the  formation  of  the  Eocene  and  Fliocene 
periods,  may  arise,  says  Prof.  Forbes,  from  the  extent  of  dry  land 
which  prevailed  in  the  vast  interval  of  time  allnded  to.  If  land  pre- 
dominated, the  only  monnments  we  are  likely  ever  to  find  of  Mio- 
cene  date  are  those  of  lacustrine  and  volcanic  origin,  such  as  these 
Ardtun  beds  in  Hull,  or  the  lignites  and  associated  basalts  in 
Antrim.  On  the  flaules  of  Mont  Dor,  in  Auvergne,  I  have  seen 
leaf  beds  among  the  ancient  volcanic  tuffs  which  I  have  always 
supposed  to  be  of  Miocene  date.  Some  of  the  Brown  Coal  deposits 
of  Germany  are  believed  to  be  Miocene  ;  others,  as  will  be  seen  in 
the  next  chapter,  are  Eocene,  Upper  or  Middle. 

Older  FUoeene  and  Miocene  formations  in  the  United  States.  — 
Between  the  Alleghany  mountains,  formed  of  older  rocks,  and  the 
Atlantic,  there  intervenes,  in  the  United  States,  a  low  region  occupied 
principally  by  beds  of  marl,  clay,  and  sand,  consisting  of  the  cretaceous 
and  tertiary  formations,  and  chiefly  of  the  latter.  The  general  eleva- 
tion of  this  plain  bordering  the  Atlantic  does  not  exceed  100  feet, 
although  it  is  sometimes  several  hundred  feet  high.  Its  width  in  the 
middle  and  southern  states  is  very  commonly  from  100  to  150  miles. 
It  consists,  in  the  South,  as  in  Georgia,  Alabama,  and  South  Carolina^ 

*  Quart  G«aL  Jwim.  ISSl,  p.  90.  .        t  Ilnl^B  of  ArgjU,  ibid.  p.  101. 
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^most  exclnsivel;  of  Eocene  deposits  ;  bat  in  North  Ckrolina,  Mary- 
land, Virginii,  Delaware,  more  modem  strata  predomiaate,  whicb, 
after  examioiiig  them  in  1842,  I  supposed  to  be  of  the  age  of  the 
English  crag  and  Faluns  of  Touraine.*  If,  chroaolt^icall;^  speaking, 
they  can  be  truly  said  to  be  the  representatives  of  these  two  Earo- 
pean  formations,  tbey  may  range  in  age  from  the  Older  Pliocene  to 
the  Miocene  epoch,  according  to  the  classiScation  of  European  strata 
adopted  in  this  chapter. 

The  proportion  of  fossil  shells  agreeing  with  recent,  out  of  147 
species  collected  by  me,  amounted  to  about  17  per  cent,  or  one-uxth 
of  the  whole  j  but  as  the  fossils  so  assimilated  were  almost  always  tba 
same  as  species  now  living  in  the  neighbouring  Atlantic,  the  number 
may  hereafter  l>e  augmented,  when  the  recent  fauna  of  that  ocean  is 
better  known.  In  different  localities,  also,  the  proportion  of  recent 
species  varied  considerably. 

On  the  banks  of  the  James  River,  in  Virginia,  about  20miles  below 
lUchmond,  in  a  cliff  about  30  feet  high,  I  observed  yellow  and  white 
sands  overlying  an  Eocene  marl,  just  as  the  yellow  sands  of  the  crag  lie 
on  the  blue  London  clay  in  Suffolk  and  Essex  in  England.  In  the 
Virginian  sands,  we  find  a  profusion  of  an  Astarte  {A.  tmduiata, 
Conrad),  which  resembles  cloaely,  and  may  possibly  be  a  variety  of; 
one  of  the  commonest  fossils  of  the  Suffolk  Crag  {A.  bipartUd);  the 
other  shells  also,  at  the  genera  Natica,  FUmrfUa,  Arlemit,  Luema, 
Cltama,  Pectuneulut,  and  Peclen,  are  analogous  to  shells  both  of  the 
English  crag  and  French  faluns,  although  the  species  are  almost  all 
distinct.  Out  of  147  of  these  American  fossils  I  could  only  find  13 
species  common  to  Europe,  tuid  these  occur  partly  in  the  Suflblk 
Crag,  and  partly  in  the  faluns  of  Touraine ;  but  it  is  an  important 
characteristic  of  the  American  groups  that  it  not  only  contains  many 


fhtliir  caulAKtiifiu.    UiTiIuid.  nuw  fnWriRufotH.  Sit-    lUrfimd. 

peculiar  eTctinct  forms,  such  as  Fiuiu  quadricnttatui.  Say  (see  fig. 
165.)  and  Venui  tridacnoidfs,  abundant  in  these  same  formstions, 
but  also  some  shells  which,  like  Fulgur  carica  of  Say  and  F,  ca- 
talieulatut    (see   fig.    164.},  Calyptraa  coitata,   Venui  m^reenaria, 

•  Proceed,  of  the  UcoL  Soc  vol  I*,  part  3.  IB45,  p.  S4T. 
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Urn.,  Modiola  glanduJa,  Tottfin,  and  Ptcttn  nrngeUanietu,  Lun.,  ara 
recent  species,  yet  of  forms  now  confined  to  the  weitern  side  of  the 
AtlAotic, —  ft  fact  implying  that  some  trues  of  the  beginning  of  tb« 
present  geogr^hical  diatribntion  of  mollusca  date  back  to  a  period  u 
remote  as  that  of  the  Miocene  strata. 

Of  ten  species  of  Boophytes  which  I  procured  on  the  banks  of 
tike  James  River,  one  was  formerly  sapposed  by  Mr.  Lonsdale  to  be 
identical  with  a  fossil  from  the  f^una  of  Toanine,  but  this  species 
^^  1^  (see  fig.  166.)  proves  on  re-examination 

to  be  different,  and  to  agree  generically 
with  a  coral  now  living  on  the  coast  of 
the  United  States.  With  respect  to 
climate,  Mr.  Lonsdale  regards  these 
corals  aa  indicating  a  temperature  ex- 
ceeding that  of  the  Mediterranean,  and 
the  shelb  would  lead  to  similar  conclu- 
sions. Those  occurring  op  the  James 
.Unri.  La«^  Hiver  are  in  the  37th  d^ree  of  N,  lati- 

ffaTSafcytyUMM  *«M.       tade,  while  the  French  falnns  are  in  the 
'«■    rrn  47th  ;  yet  the  forma  of  the  American 

fossils  would  scarcely  imply  so  warm  a  climate  as  must  have  prevailed 
in  Fiance  when  the  Miocene  strata  of  Touraine  originated. 

Among  the  remains  of  Ash  in  these  Post- Eocene  strata  of  the  United 
ijtates  an  several  large  teeth  of  the  shark  family,  not  distinguishable 
■pedfleally  from  fossils  of  the  faluns  of  Touraine. 

Im^a.^- Sewalik  HHU.  —  The  freshwater  deposits  of  the  sub- 
ffiaalayan  or  Sew&lik  Hills,  described  by  Dr.  Falconer  and  Captain 
Csntley,  belong  probably  to  some  part  of  the  Miocene  period,  althoagli 
it  is  difficult  to  decide  this  queadon  until  the  accompanying  fresh- 
water  and  land  shells  hare  been  more  carefuUy  determined  and  com- 
pared with  fossils  of  other  tertiary  deposits.  The  strata  are  certainly 
sewsr  than  the  nnmmnlitic  rocks  of  India,  and,  like  the  Ciluns  of 
Tonrune,  they  contain  the  genera  Otmotherium  and  Maatodon,  with 
which  are  associated  no  less  than  seven  extinct  species  of  Elephants. 
IV  presence  of  a  fossil  ginffe  and  hippopotamus,  genera  now  only 
living  in  Africa,  and  of  a  camel,  an  inhabitant  of  extensive  pltuns, 
implies  a  former  get^^phical  state  ofthinge  strongly  contrasted  with 
what  now  prevails  in  the  same  region.  A  apecies  of  Anoplotherinnt 
[A.  jntUnffetntum)  forms  a  link  between  this  fauna  and  that  of  the 
Eocene  period  ;  yet,  on  the  whole,  the  Sewalik  mammalia  have  a  more 
taodern  aspect  than  those  of  the  Upper  £ix:ene,  ao  many  being  re- 
f«nble  to  existing  genera,  whereas  almost  every  Eocene  genus  is  ex- 
tinct. Horeorer,  the  sub-Himalayan  fauna  exhibits  a  great  develop- 
iKiitof  the  Bnminants,  an  order  so  feebly  represented  in  the  Eocene 
period.  In  addition  to  the  camel  and  giraffe  already  alluded  to,  we 
liSTc  bere  the  hage  Sivatherium,  a  ruminant  bigger  than  the  rhinoce- 
nt,  and  provided  with  a  lai^  upper  lip,  if  not  a  short  proboscis,  and 
''■Ting  two  pair  of  horns  resembling  those  of  antelopes.  The  number 
■^■JKciesof  the  genua  Antelope  is  also  remarkable.   In  the  same  fauna 
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appear  mtaiy  camiTorouB  beasts,  often  belonging  to  exiBtiog  genera, 
and  sereral  species  of  monkey.  Among  the  reptiles  are  crocodiles, 
■ome  larger  than  any  now  living ;  and  an  enormous  tortoise,  Tatttdo 
Aiiat,  the  carved  shell  of  which  measured  twenty  ieet  across. 


CHAPTER  XV. 

UTFER  SOCENK  FOBlUTlOira. 

{Lower  Miocene  of  many  authort.) 

PrditnlDuy  Tem&rkB  on  duajflutton,  and  on  the  line  of  separation  between 
Eocene  and  Mioeeiie  nrata — Whether  the  Liiabarg  and  contemp(»»necNi* 
fonnationt  {honld  be  called  Upper  Eocene —  Limbarg  atraUi  in  Belgium — 
Strata  <rf  lame  age  in  Borth  Qermmj  —  Majence  boaia — Bnini  Coal  of 
Oernumjr — Upper  Eocene  of  Hempstead  Hill,  Iile  of  Wight — Upper  Eocene 
of  France — LacuNrine  strata  of  Aurergne — Indasiai  limeUone— Fresh  water 
■trata  of  the  Cuital — Its  reecniblance  in  some  places  to  white  chalk  with  flinll 
—  Prooli  of  gradnal  deposition  —  Upper  Eocene  of  Bordsanx,  Aiz-en-FCoTeneet 
Malta,  &c — Upper  Eocene  of  Nebnika,  Onitad  States. 

Preliminary  remarks.  —  In  the  last  chapter  it  was  stated  Ibftt  as  yet 
we  know  of  no  marine  strata  in  the  Bridsh  Iries  contepiporaneous  with 
the  faluns  of  Touraine,  or  those  shelly  deposits  of  the  valley  of  the 
Loire  which  I  selected  as  the  type  of  the  Miocene  period.  Thei« 
have,  however,  been  recently  discovered  in  the  Isle  of  Wight  certain 
fluvio-roarine  deposits,  which  many  continental  geologists  would  call 
"  Lower  Mioceoe,''  the  "  faluns  "  being  termed  by  them  "  Upper  Uio- 
cene."  A  few  preliminary  remarks  oo  this  difference  of  nomencla- 
ture, bearing  as  it  does  on  questions  involving  the  first  principles 
of  classification,  will  be  necessary  before  I  treat  of  the  Upper  JGocene 
formiitions. 

The  marine  strata,  which  in  the  north  of  France  come  next  id  chnv 
nological  order  to  the  "faluns," or  which  immediately  precede  them  in 
age,  are  the  sands  and  sandstones,  called  the  "  Gr^  de  Fontainebleau," 
or  "  sables  marins  sup^rieurs."  (  See  General  Table,  p.  105.)  They 
constitute  the  uppermost  beds  of  the  Paris  basin,  and  are  overlaid  by 
a  freshwater  limestone  called  "  Calcaire  de  la  Beauce."  The  upper 
marine  sands  contain  no  fossil  shells  common  to  the  faluns,  or  ex- 
tremely few  species, ;  and  no  shells  of  living  species,  or,  if  so,  they 
are  about  as  scarce  as  in  the  Middle  or  typical  Koceue  groups. 
In  consequence  of  tliis  distinctness  in  the  fossils,  and  for  other  reasons, 
presently  to  be  mentioned,  I  excluded  these  "  upper  sands"  from  the 
Miocene  period  in  former  editions  of  this  work,  availing  myself  of 
the  hiatus  between  the  Gr^  de  Fontainebleau  and  the  faluns  to  draw 
a  line  of  separation  between  Eocene  and  Miocene.  In  support  of  this 
dasaification  I  pointed  out  tJie  fact  that  the  "  upper  marine  sands,"  w 
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Gr^  de  Fonikineblean  of  the  Pariaiui  serieB,  with  their  cbaraetariBtio 
ihella,  extend  soathwards  from  the  Frencli  metropolia,  u  far  as 
EtBmp«9,  whioli  is  within  seventj  miles  of  Foatlevoy,  Dear  Blois,  &nd 
not  more  than  100  miles  from  Savign^  near  Tours,  two  localities  where 
they^AdHon  shells  are  very  abundant.  So  remarkable  a  diiFerance 
between  the  species  of  the  valley  of  the  Loire  and  those  of  the  valley 
of  the  Seine  cannot  be  the  result  of  geographical  distribution  at  one 
and  the  same  former  era,  but  most  evidently  have  depended  on  a  dif- 
fenoce  in  the  age  of  the  deposits.  It  mai^  the  influence  of  Time,  and 
nolof  E^)ace. 

Another  reason  which  induced  me  to  class  the  Gr^deFontainebleau 
and  strata  of  the  same  age  with  the  older  series  rather  than  with  the 
newer,  was  the  decidedly  Eocene  aspect  of  the  testaceous  fauna,  and 
the  fact  that  a  certain  proportion  of  the  shells  of  the  "  upper  sands  " 
are  of  species  common  to  the  underlying  Parisian  strata. 

A  different  arrangement,  however,  was  adopted  by  MM.  Dufr^noy 
and  E.  de  Beaumont,  in  their  colouring  of  the  Government  Map  of 
France,  for  they  comprehended  in  their  Miocene  group,  not  only  the 
f^uns  of  Touraine,  but  also  the  freshwater  "  calcaire  de  la  Beauce," 
and  the  marine  sands  and  sandstone  (Gr^  de  Fontaineblean),  i.  e. 
til  the  tertiary  deposits  which  lie  above  the  gypseous  series  of  Mont* 
martre,  a  formation  well  known  as  rich  in  extinct  mammalia,  first 
brought  to  light  by  the  genius  of  Cuvier.  M.  D'Archiac,  in  1839, 
followed  the  same  mode  of  classification,  dividing  what  he  termed 
"  Lower  "  from  his  "  Middle  tertiary  *  in  the  same  way.  M.  Deshayes, 
in  his  work  on  the  Fossil  Shells  of  the  Environs  of  Paris  (1824 — 
1837),  had  given  twenty-nine  species  as  belonging  to  the  upper  marine 
strata,  nearly  all  of  which  he  distinguished  speciflcally  from  shells  of 
the  Calcaire  Grottier,  althongh  he  regarded  them  as  characteristic 
of  the  same  fauna.  The  railway  cuttings  near  Etompes,  in  184% 
enabled  M.  Hubert  to  raise  tlie  number  to  ninety,  and  he  first  pointed 
«nt  that  most  of  them  agreed  specifically  with  shells  of  Kleyn  Spawen, 
near  Maestricht,  in  Belgium,  and  with  those  of  Rupelmonde  and 
other  places  near  Antwerp.  These  Belgian  fossils  had  been  de- 
scribed by  M^L  Nyst,  De  Koninck,  and  Bosquet,  and  their  geological 
position  had  been  accurately  ascertained  by  M.  Dummit,  and  placed 
by  him  above  the  Brussels  t«rtiary  beds,  which  are  the  undoubted 
representatives  of  the  Calcaire  Grottier  of  Paris,  a  typical  Eocene 
groap.  M.  de  Koninck,  about  the  same  time,  remarked  that  iho 
Kleyn  Spawen,  or  "Limburg"  fossils,  were  in  part  identical  with 
tboae  of  the  Mayence  tertiary  basin,  a  group  which  in  my  first 
editions  I  had  assigned  to  th^  Miocene  period.  M.  Beyrich  more 
recently  (I8S0)  has  described  a  formation  of  the  same  age  as  that 
of  Kleyn  Spawen,  occurring  within  seven  miles  of  the  gates  of 
Berlin,  near  the  village  of  Hermsdorf ;  and  has  shown  that  about  a 
third  of  the  species  agreed  with  known  Belgian  shells  of  the  age  of 
the  Gr^s  de  Fontainebleau,  while  about  a  fifth  are  English  and 
French  Middle  Eocene  species. 

In  1851,  I  examined  with  care  the  Belgian  formations  at  Bnpel- 
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monde  ftnd  Boonii  near  Antwerp,  and  in  the  Limburg,  near  Mae»- 
tricht,  and  waa  able,  with  the  aeaiBtuice  of  M.  Btwqoet,  to  give 
a  table  of  no  less  tban  201  species  of  shells  of  the  en  under  con- 
sideration. Of  these  more  than  a  third  proved  to  be  identical  with 
English  Eocene  lestacea,  even  when  I  reetricted  the  term  Bocene  to 
its  most  limited  aeuae,  extending  it  no  farther  upwards  than  the 
Middle  Eocene  or  muomulitic  formations.'  For  this  reason  I  called 
the  Limburg  or  Klejn  Spawen  beds  Upper  Eocene,  giving  as  mj 
reason  "  that  they  resembled  the  older  formations  in  their  fossils  as 
much  as  some  of  the  different  divisions  of  the  Eocene  series  in  France 
and  England  resemble  each  other ;  as  much,  for  example,  as  the 
Barton  CUf  in  Hampshire  agrees  with  the  London  Claj  proper,  or 
the  Calcaire  Grossier  with  the  Soissonnaia  sands  in  France." 

Subsequently,  in  the  winter  of  18B2,  Professor  Edward  Forbes 
examined  near  Yarmouth,  in  the  Isle  of  Wight,  a  deposit  occapTing 
a  very  limited  area,  but  about  170  feet  in  thickness,  which  he  first 
determined  to  be  of  the  sune  age  as  the  Limbui^  beds.  They  were 
found  to  be  in  comformable  position  with  the  other  ternary  atnta 
previously  known  in  that  island,  and  to  contain  abundantly  awao  of 
the  most  characteristic  Eleyn  Spawen  fossils.  He  named  tlus 
deposit  "  the  Hempstead  aeries,"  and  classed  it  as  Upper  Eocene,  f<H: 
reaeons  similar  to  those  which  had  induced  me  so  to  name  the 
Limburg  beds  of  Belgium.  They  cannot  in  fact  be  separated  from 
the  subjacent  Eocene  strata  without  drawing  a  line  of  demarcation 
confessedly  arbitrary,  and  which  would  leave  a  great  many  of  the 
same  species  of  fossils  above  and  below  it.  So  complete,  indeed,  is 
the  passage  from  the  Bembridge  aeries  (an  equivalent  of  the  gypanm 
of  Montmartre,  and,  therefore,  an  acknowledged  Eocene  fonnatioo) 
into  the  Hempstead  beds,  that  Professor  Forbes  places  both  groups 
together  in  his  Upper  Eocene  division,  drawing  the  line  between 
Upper  and  Middle  Eocene  at  the  base  of  the  Bembridge  beds. 

In  opposidon  to  this  view  two  recent  authorities,  who  in  tb« 
course  of  the  present  year  (1853)  have  written  on  the  tertiary 
formations  of  Glennany,  M.  Beyrich,  before  cited  \,  and  Dr.  Sand- 
bei^;er  (,  contend  that  all  strata,  parUlel  in  age  with  the  Limburg, 
should  be  termed  Lower  Miocene.  M  Beyrich  affirms  that  if  the 
strata  of  the  Bolderbei^  in  Belgium,  and  numerous  deposits  of  con- 
temporaneous date  of  Northern  Glermany  already  enumerated 
(p.  179.),  be  of  the  age  of  the  "  faluna,"  then  it  can  be  shown  that 
these  same  beds  have  so  many  fossils  in  common  with  the  Limboi^ 
strata,  that  the  latter  may  fairly  be  regarded  as  Miocene,  or  as  an 
older  deposit  of  the  same  great  period ;  and  he  goes  on  to  say  tbnt, 
unless  we  are  prepared  to  allow  tiie  Eocene  division  to  absorb  all  the 
overlying  tertiary  formations,  we  must  begin  a  new  series  from  the 
base  of  the  Limburg  upwards,  calling  the  latter  Lower  Miocene. 

■  QuarL  GieoL  Joani.  less,  toL  tuL  J  Ubcr  diu  Mainzer  Tectiorbcckeiu, 
p.  9Sa.  &C1  Wiesbaden,  IHS3. 

t  Die  Conchj'ljen  dea  Horddeutsch. 
TertiaiYCb.:  Bciib,  1BS3, 
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Dr.  Sttndberger  divides  the  strate  of  the  Mftyeiice  basin  iato  two 
sections,  an  older  and  a  newer,  the  former  confesBedlj- the  equivalent 
of  the  Limburg  (or  Hempstead)  beds,  while  in  the  apper  he  finds 
some  fossil  remaioB,  which  appear  to  him  to  have  a  more  modem 
chancter.  Bnt  when  we  separate  from  this  higher  division  the 
sands  of  Eppelaheim,  containing  bones  of  Demotkerium  and  Matlodon 
Um^rMtrU,  which  are  most  probably  of  falunian  age,  the  rest  of  bis 
upper  series  may  be  as  old  as  the  Limburg  beds,  though,  for  want  (^ 
good  sections,  there  is  much  obscurity  in  regard  to  the  grouping  of 
the  beds.  Dr.  Sandbeiger,  however,  gives  a  list  of  twelve  shells,  be- 
sides some  teeth  of  fish  and  other  fossils,  which  are  common  to  the 
Mayence  basin  and  the  Hesse-Cassel  sands.  Now  the  latter  were 
classed  as  Subapennine  or  Pliocene  by  Fhilippi,  and,  although  we 
hare  as  yet  no  sufficient  data  for  determining  their  true  age,  appear 
dearly  to  belong  to  a  more  modem  fauna  than  that  of  the  Uayence 
bttsin.  If  snch  a  relationship  could  be  established  between  the  two 
as  to  indicate  a  pnesage  from  the  Hesse-Cassel  fauna  to  that  of  the 
Hajence  beds,  this  fact  would  doubtless  go  some  way  towards 
beaJ^g  ont  the  views  of  the  author. 

Tbe  reader  has  probably  by  this  time  begnn  to  perceive  that  one 
canse  of  embartBSsment,  experienced  in  the  classification  of  these 
tertiary  formations,  arises  from  the  discovery  of  several  missing 
links  in  the  chun  of  historical  records.  I  may  remind  him  that  for 
aar»  than  twenty  yeus  I  have  advocated  in  the  Principles  of 
Geology  tbe  doctrine  that  there  has  been  a  continual  coming  in  of 
new  species,  and  dying  out  of  old  ones,  and  a  gradual  change  in  the 
physic^  gec^raphy  and  climate  of  the  earth,  and  not  such  a  reitera- 
tion of  sudden  revolutions  In  the  animate  and  inanimate  worlds,  as 
was  once  insisted  upon  by  many  English  geologists  of  note,  and 
is  still  maintained  by  not  a  few  of  the  most  distinguished  continental 
writers.  When,  therefore,  I  proposed  in  1838  the  temi  Miocene  for 
the  falnns  of  Tonnune,  the  fossil  sbcUs  of  which,  according  to  the 
determination  of  M.  Deshayes,  contained  an  admixture  of  about  seven- 
teen in  the  hundred  of  recent  species,  I  foretold  that  from  time  to  time 
new  sets  of  strata  would  come  to  light,  and  require  to  be  intercalated 
between  those  already  described,  and  in  that  case  that  the  fossils 
of  newly-found  beds  would  "  deviate  from  the  normal  t3'pes  first 
selected,  and  approximate  more  and  more  to  the  types  of  the  ante- 
cedent or  subsequent  epochs."  According  to  this  view,  it  was 
obvious  from  the  first  that  tbe  oldest  Auocene  records,  whenever 
they  were  detected,  would  not  be  easily  distinguishable  fW>m  the 
yonngest  members  of  the  Eocene  series,  especially  in  the  propordon 
of  the  living  to  tbe  extinct  species  of  fossil  shells.  Tbe  importance, 
indeed,  of  the  latter  test  must  diminish  rapidly  the  more  we  recede 
from  tiie  Pliocene  and  approach  the  Miocene,  and  still  more  the 
Eocene  fonnations,  although  it  is  nerer  without  its  value,  and  often 
famishes  the  only  common  standard  of  comparison  between  strata  of 
Tei7  distant  countries. 

I  make  these  allusions  to  show  that  I  am  by  no  means  unprepared 
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for  tbe  diRGOverj  of  grftdatione  from  Miocene  to  Eocene,  and  for  the 
probable  necessity  of  iocludiDg  hereafter  ia  tlie  Miocene  series 
some  fassiliferoua  groups  which  may  diverge  in  their  chancters  &om 
the  standard  first  set  up,  or  from  the  type  of  the  faluns  of  Tou- 
rsine.  But  I  have  seen,  aa  yet,  no  sufficient  evidence  that  ancb  a 
passage,  as  is  here  spoken  of,  has  been  made  out.  The  limits  of  the 
Eocene  seriea  have  been  extended,  without  as  yet  filling  up  tbe  gap 
between  that  series  and  the  faluns  of  Touraine.  I  am  deiirona  at  the 
same  time  to  explain,  that  the  important  point  now  at  issue  ia  not 
simply  one  of  nomenclature.  The  difficulty  is  tbe  same,  whether  we 
use  the  terms  Lower  and  Middle  Tertiary,  or  Eocene  and  Miocene. 
To  one  or  other  of  the  periods  so  named  we  must  refer  the  Limbnrg 
and  Hempstead  beds,  and  the  sands  of  tbe  Forest  of  Fontainebleau. 
Can  we,  without  doing  violence  to  paleontological  principles,  refer 
all  these  to  the  same  period  as  the  faluns  of  Touraine?  If  so,  it  would 
be  immaterial  whether  we  called  them  Middle  Tertiary,  Miocene  or 
"  Falunian,"  or  by  any  other  general  name.  The  question  ia,  whether, 
in  the  present  state  of  our  information,  the  mass  of  characteristic  fos- 
sils of  the  groups  alluded  to  resemble  more  nearly  the  Eocene  or  the 
Falunian.  I  adhere  at  present  lo  the  nomenclature  formerly  adopted 
by  me  for  strata  described  in  this  chapter,  calling  them  Upper  Eocene 
—not  because  of  the  small  number  of  living  species  of  shells  found 
in  them,  although  this  is  certainly  one  point  of  agreement  between 
them  and  the  "nummulitic"  Eocene  beds,  but  because  of  the  aspect  <^ 
the  whole  fauna,  which  seems  to  me  to  be  Eocene  rather  than  Fa- 
lunian. Among  other  illustrations  of  this  affinity,  I  may  refer 
tbe  reader  to  tbe  numerous  and  excellent  figures  of  species  of  the 
genus  Valuta  given  by  M.  Beyrich  from  the  Limbui^  beds  of  North 
Germany  —  forms  strikingly  characteristic  of  the  Barton  clay  in 
Hampshire,  a  regular  member  of  tbe  Middle  Eocene  group.  The 
faluns  are  devoid  of  such  forms.  Until,  therefore,  the  time  arrives 
when  tbe  break  between  the  Limbui^  beds  and  the  faluns  has  dis- 
appeared more  completely,  it  appears  to  me  safer  to  include  Hm 
Limburg  and  all  contemporaneous  formations  in  the  Eocene. 

At  the  same  time  I  have  drawn  the  line  between  Middle  and  Uiqier 
Eocene,  as  in  forn^r  editions,  excluding  from  the  latter  tbe  Bembridge 
beds  of  the  Isle  of  Wight,  or  the  gypseous  series  of  MonUnartre.  A 
preference  is  given  to  this  Inst  method,  simply  for  convenience 
sake,  in  order  that  the  Upper  Eocene  of  this  work  may  coincida 
exactly  with  the  strata  classed  by  so  many  distinguished  geologists 
as  Lower  Miocene.  I  am  bound,  however,  to  state,  that  tbe  parting 
line  between  the  Bembridge  and  Hempstead  series,  in  the  Isl« 
of  Wight,  has  been  shown  by  FroC  Forbes  to  be  an  arbitrary  one 
— a  purely  conventional  line,  if  anything,  less  marked  than  the 
line  separating  the  Bembridge  seriea  from  the  underlying  St. 
Helen's  group.  (See  Table,  p.  209.)  If  retained  as  more  useful,  it  is, 
M  before  hinted,  for  the  sake  of  conformity  with  a  system  of  classi- 
fi(»ition  adopted  by  many  able  geologists,  who  selected  it  before 
the  uninterrupted  continuity  of  tbe  F.ocene  series  from  its  numrnn- 
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litic  or  centnl  portions  to  its  Upper  or  Limburg  beds  was  dearlj 
nudeoot. 

UUBnRO  STRATA  IN  BELOIUX. 

(Awpe/ian  and  Tongrian  Syttenu  of  Dumont.) 

Hie  best  t^pe  which  we  as  yet  poasesB  of  the  Upper  Eocene,  u  de- 
fiaed  in  the  foregoing  obseTTations,  consists  of  the  beds  formerlj 
known  to  collectors  as  those  of  Kleyn  Spawea.  These  can  be  best 
studied  in  the  environs  of  the  village  so  named,  which  is  situated 
about  seven  miles  west  of  Msestricht,  and  in  the  old  province  of 
Liraburg  in  Belginm.  In  that  region,  about  200  species  of  testacea, 
msrine  and  freshwater,  have  been  obtained,  with  many  foraminifera 
and  remains  offish. 

The  following  table  will  show  the  position  of  the  Limburg  beds. 

A.  Bolderbeiig  beda,  see  p.  179.,  leen  near  Huaelt. 
Upfeb  Eocbhx. 
B.  1.  Nncnla   Loam    of  Hern    Spawen,  i„        t-   .        .   ,        „„ 

uid  Boom,  J 

B.S.  ItnTioinarinebedaofBergh,L«lhen,  )  Middle  Limburg  bed*.— Upper  Ton- 
uidotberplacranrarElejiiSpawen.  i     griaa  uT  Dnmont 

B,  3.  Green  nnd  of  Bergh,  Neerepea.&c,  1  Lower  Limburg  bed*. — Lower  Tan- 
near  Klepi  Bpawen:  Marine.  \     grino  of  Diunmt. 

Mn>DLB  EoCEHK 

C  Lasken  and  Bnuteli  beda,  with  nnm- 
msUtei,  &C.1  LoDTiin  and  Bm»eli. 

Thenppennastof  the  three  subdivisions  (B.  l.)into  which  the  Lim- 
burg series  is  separated  in  the  above  table,  contains  at  Kleyu  Spawen 
many  ofthe  same  fossils  as  the  clay  of  Rupelmonde  and  Boom,  ten  miles 
south  of  Antwerp,  and  sixty  miles  K.  W.  of  Kleyn  Spawen.  About 
forty  species  of  shells  have  been  collected  from  the  tile-clay  worked 
on  the  banks  of  the  Scheldt  at  the  villages  above  mentioned.  At 
Bapehnonde,  this  clay  attains  a  thickness  of  about  100  feet,  and 
mnch  resembles  in  mineral  character  the  "London  Clay,"  containing 
like  it  septaria  or  concretions  of  argillnceous  limestone  traversed  by 
eracks  in  the  interior.  The  shells  have  been  described  by  MM. 
Nyst  and  De  Koninck.  Among  them  Leda  (or  NucuUi)  Dethayetiana 
(see  fig.  167.)  is  by  far  the  most  abundant ;  a  fossil  unknown  as  yet  in 
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the  Engliah  tertiaij  ■tnta,  bat  when  young  much  retiembliag  Leda 
amygdaioidet  of  the  London  clay  proper  (see  fig.  227.  p.  2 19.).  Among 
other  char&cteristic  shells  nre  l^eten  Hoeningkaian,  and  a  spt-des  nf 
Cbf*i(jana,  uid  several  of  the  genui  Puurotoma.  ^ot  afew  of  these 
testacek  agree  with  English  Eocene  species,  such  as  Actaon  rimulaiia, 
SoWf  CanceUaria  tvuUa,  Brander,  Corbttia  pitvm  (fig.  170.  p.  1 94.), 
and  Xautibu  ziezae.  They  are  accompanied  by  many  teeth  of  eharka, 
as  Lamna  atntortidem,  Ag.,  Oxyrhina  xiphodan,  Ag.,  Carcharodom 
keUrodon  (see  fig.  2)  1.),  Ag.,  and  other  fish,  some  of  th^m  common  to 
the  Middle  Eocene  strata.  The  same  deposit,  B.  1.,  ia  very  imperfectly 
seen  at  Eleyn  Spawen,  where  the  lower  divisions  B.  2,  and  B,  3.  ara 
much  belter  developed.  B.  2.  consists  of  several  alternations  of  sands 
and  marls,  in  which  a  greater  or  less  intermixture  of  fiuviatile  and 
marine  shells  occurs,  implying  the  occasionnl  entrance  of  a  river  near 
the  spot,  and  possibly  oscillations  in  the  level  of  the  bottom  of  the  sea. 
Among  the  shells  are  found  Cyrfna«rmufrHi/a(fig.l71.p.l94.),  Ceri- 
Ihiumplicalam,  Lam.  (fig.  172.  p.  194.),  Rissoa  ChatteUi,  Bosq.  (fig. 
174.),  and  CorbtUa  pitwrn  (fig.  170.),  four  sheUs  all  common  to  the 
Hempstead  beds  in  the  Isle  of  Wight,  to  be  mentioned  in  the  sequet 
With  the  above,  Lueitta  Thierensii,  and  other  marine  forma  of  the 
genera  Venut,  Litnoptu,  Trochtu,  &c.,  are  met  with. 

In  B.  S.,  or  the  Lower  Limburg,  more  than  100  marine  shells  have 
been  collected,  among  which  the  0*trea  ventilabrvm  is  very  coo- 
BpiououE.  Species  common  to  the  underlying  Brussels  lands,  or 
the  Middle  Eocene,  are  numerous,  constituting  a  third  of  the  whole ; 
but  most  of  these  are  feebly  represented  in  comparison  with  the 
more  peculiar  and  characteristic  shells,  such  as  Ottrea  venlilahrum, 
Mytilvi  Nytiii,  Valuta  tuturalia,  &c 

In  none  of  the  Belgian  Upper  Eocene  strata  could  I  find  any 
nummnlites ;  and  M.  lyArchiac  had  previously  observed  that  these 
foraminiTera  characl«ri2e  his  "Lower  Tertiary  Series,"  as  contrasted 
with  the  Middle,  and  would  therefore  serve  as  a  good  test  of  age 
between  Eocene  and  Miocene,  if  the  tine  of  demarcation  be  drawn 
according  to  his  method,  or  equally  so  between  Upper  and  Middle 
Eocene,  according  to  the  plan  adopted  in  this  work,  llie  same  natu- 
ralist informs  us  that  one  nummulite  only  has  ever  yet  been  seen  to 
penetrate  upwards  into  the  middle  tertiary,  viz.  NvmmulUeM  inttr- 
media,  an  Eocene  species.  It  has  been  found  in  the  hill  of  the 
Superga  near  Turin",  in  beds  nsually  classed  as  Miocene,  but  pro* 
bably  somewhat  older  than  the  falunian  type. 

Bermtdorf,  near  Berlin. — Professor  Beyrich  has  described  a  mass 
of  clay,  used  for  making  tiles  within  seven  miles  of  the  gates  of  Berlin, 
near  the  village  of  Hermsdorf,  rising  up  from  beneath  the  sanda  with 
which  that  country  is  chiefly  overspread.  This  clay  is  mora  than 
forty  feet  thick,  of  a  dark  blnish-grey  colour,  and,  like  that  of 
Bupelmonde,  contains  septaria.  Among  other  shells,  the  I,eda 
Deihajfetiana  before  mentioned  (fig.  167.)  abounds,  together  wiUt 

■  Aichiac,  Uonc^.  pp.  79.  100. 
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11UU17  species  of  Hewotoma,  Votuta,  kc,  b  certtun  prt^rtioD  of  the 
foMils  being  identical  in  species  with  Limbnrg  and  Mayence  sfaellB. 
H.  Bejrich  enamerales  several  other  localitiea  in  North  Germany, 
and  particalarly  one  at  Magdebnrg,  and  sereral  on  the  Lover  Elbe) 
irhera  beds  of  the  same  age  appear. 

Mt^fenre  btain,  —  I  have  already  alluded  to  the  elaborate  deacrip- 
tion  published  by  Dr.  F.  Sandbecger  of  the  Hayence  tertiary  area, 
wliit^  occnpiea  a  tract  from  fire  to  twelve  miles  in  breadth,  extend- 
ing for  a  great  distance  along  the  left  bank  of  the  Rhine  from 
Mayenoe  to  the  neighbourhood  of  Uanbeim,  and  which  is  also  found 
to  the  east,  north,  and  south-west  of  Frankfort.  If,  De  Koninck, 
of  Li^e,  first  pointed  out  to  me  that  the  purely  marine  portion  of 
the  deposit  (the  Lower  group  of  Dr.  Sandberger)  contained  many 
species  of  shells  common  to  the  Limburg  beds  near  Kleyn  Spawen, 
and  to  the  clay  of  Eupelmonde,  near  Antwerp.  Among  these  he 
mentioned  Catidaria  dtprtua,  Trilonium  argtUtttn,  Brander  (  T.fiait' 
drieum,  De  Koninck),  TomauUa  timulata,  RotteUaria  Sovjerbyi, 
Leda  Dahayettana  (fig.  167.  p.  189.),  Corbulapimm  (fig.  170.),  and  . 
I^etuttetdiu  terebratularU. 

The  marine  beds  are  in  some  places  covered  with  brackish- water 
marls  containing  Ct/rena  in  great  numbers,  among  wliich  C^rraa 
temiMtriata  occurs,  with  Ceriihium  plieatum.  Corbulovtya  trianguJa, 
MyHltf  Fanjimi,  and  other  Limburg  and  Hempstead  shells.  Ptma 
Stddarn,  a  shell  of  the  upper  Eocene  or  H^rignac  beds  of  the  Bor- 
deaux basin,  but  also  a  Vienna  basin  shell,  is  characteristic  both 
of  the  marine  and  brackish  series.  Two  species  of  Anthracothe> 
rium,  A-  ma^um,  Cut.,  and  A.  aiiatieum,  are  met  with  in  the  same 
deposits. 

The  upper  portion  of  this  Hayence  series  has  at  its  base  a 
Umeatone  full  of  Ceritkta  and  land-shells;  among  which  Ceritkium 
f^ieatKnt  before  mentioned,  and  another  Limburg  shell,  Ventu  tn- 
craMota,  Sow.,  a  fossil  common  to  the  Headon  or  Middle  Eocene  of 
England,  are  met  with  ;  also  NerUina  concava  (fig.  194.),  a  Middle 
Eocene  shell,  and  Bhinoeeroi  incitivtu,  the  oldest  form  of  that  genus, 
and  called  by  Kaup  Aeerotherivm.  Next  above  is  a  limestone,  in 
which  LittorineUa  or  Paludtna  infiata  b  a  very  common  fossil,  with 
others  of  the  same  genus.  One  of  these,  veiy  neiu'ly  re- 
sembling the  recent  LUtorineUa  ulea,  is  found  throughout 
this  basin.  These  shells  are  like  grains  of  rice  in  size, 
and  are  ofW  in  such  quantity  as  to  form  entire  beds  of 
marl  and  limestone,  in  stratified  masses  from  fifteen  to 
*iSi^mt'.  thirty  feet  in  thickness,  just  as  in  the  Baltic  modern  acca- 
mulations  sev^^l  feet  thick  of  the  LiOorijttUa  ulva  are  spread  far 
and  wide  over  the  bottom  of  the  sea.  Li  the  same  beds,  several 
■pecies  of  DreiMtena  abound,  a  form  common  to  the  Headon  or 
Middle  Eocene  beds  of  the  Isle  of  Wight,  as  welt  as  to  the  existing 
aeam.  On  the  whole,  I  am  not  satisfied  that  this  fauna  diverges  from 
the  Iiimburg  type  towards  that  of  the  falons  as  much  as  Dr.  Sand- 
berger  believes.  Among  the  Mammalia,  we  find  Bippothmum 
gracilt,  Acerothernm  (or  Rhinoeeroi)  ineitimtm,  FaUomeryx^  Cha- 
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licomfft.tii!.  Lsstlj,  the Eppebhcim  sand  overlies  tlie  wliole,  contsining 
Demotherium  giganteum,  and  some  otber  true  Hiocene  quadrupeds. 
ScTeral  mAmmalia,  proper  to  the  Upper  Eocene  seriee,  are  also  sud 
to  be  associated ;  but  there  being  no  good  section  at  Eppelsheim, 
the  trae  succession  of  the  beds  from  which  the  bones  were  dug  oat 
cannot  be  seen,  and  we  have  jet  to  learn  whether  some  remains  of  an 
older  series  may  not  have  been  confounded  with  those  of  a  newer  one. 
Brown  coal  of  Gtrmanr/.  —  In  a  recent  essay  on  the  Brown  Coal 
deposits  of  Grermany,  Baron  Voo  Buch  has  expressed  a  decided 
opinion  that  they  all  belong  to  one  epoch,  being  of  subsequent  dat« 
to  the  great  nummulitic  period,  and  newer  than  the  Pliocene  form- 
ations. He  has  therefore  called  the  whole  Miocene.  Unfortunately, 
these  formations  rarely  contain  any  internal  evidence  of  their  age, 
except  what  may  be  derived  from  plants,  constituting  in  every  case 
but  a  fraction  of  an  ancient  Flora,  and  consisting  of  mere  leaves, 
without  flowers  or  fruits.  It  is  often  therefore  impossible  to  form 
more  than  a  conjecture  as  to  the  precise  place  in  the  chronological 
series  which  should  bo  assigned  to  each  layer  of  lignite  or  each  leiif- 
bed.  Kevertheless,  enough  is  known  to  show  that  some  of  the 
Brown  Coals  Found  in  isolated  patches  belong  to  the  Upper  Eocene, 
others  to  the  Miocene,  and  some  perhaps  to  the  Pliocene  eras.  They 
seem  to  have  been  formed  at  a  period  when  the  European  area  had 
already  a  somewhat  continental  character,  so  that  few  contempora- 
neous marine  or  even  fluvio-marine  beds  were  in  progress  there. 

The  brown  coal  of  Brandenburg,  on  the  borders  of  the  Baltic, 
underlies  the  Hermsdorf  tile-clay  already  spoken  of,  and  therefore 
belongs  to  a  period  at  least  as  .old  as  the  Upper  Eocene  The 
brown  coal  of  Rndoboj,  on  the  confines  of  Styria,  is  covered,  says  Von 
Buch,  by  beds  contuning  the  marine  shells  of  the  Vienna  basin, 
pji_  ,^  wliicli,  as  before  remarked,  are  chiefly 

of  the  Falunian  or  Miocene  type.  This 
lignite,  therefore,  may  be  of  Miocene  or 
Upper  Eocene  date,  a  point  to  be  deter- 
mined by  the  botanical  characters  of  the 
plants.  In  this,  and  most  of  the  princi- 
pal brown  coal  formations,  several  spe- 
cies of  fan-palm  or  Plabellaria  abound. 
This  genus  also  sppears  in  the  Middle 
Eocene  or  Bembridge  beds  in  the  Isle 
of  Wight,  and  in  the  gypseous  series  of 
Montmartre;  but  it  is  still  more  largely 
represented  in  the  Upper  Eocene  series, 
accompanied  by  palms  of  the  genus /%0- 
nicitet.  Various  cones,  and  the  leaves 
and  wood  of  coniferous  trees,  are  also 
met  with  at  Badoboj.  Species  also  of 
Comptonia  and  Myriea,  with  various 
t,  Aiiuttd.  it^h  8uc^  ns  the  plane  or  Pfatann*, 
are  recognized  by  their  leaves,  as  also 
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lereral  of  tbe  Laurel  tribe,  especiallj'  one,  called  Daphnogene  cinna- 
momtfolia  (flg.  16y.)  by  Unger,  who,  together  with  GSppert,  bas 
inresiigaled  the  botany  of  these  formatioiia.  It  will  be  eeen  tbat 
in  the  leaf  of  this  Dapktiogtne  two  veins  bnmcb.  off  oa  eaeb  side 
&om  the  mid-rib,  and  ran  op  witboat  inturaption  to  the  point. 

On  the  Lower  Bhine,  whether  in  theM»yence  basin  or  in  tbe  Sieben- 
gebirge,  and  in  the  aeighbonrhood  of  Bonn  and  Colc^ne,  there  seem 
to  be  Brown  Coab  of  more  than  one  age.  Yon  Bnch  tells  us  that  the 
only  fossil  fonndia  the  Brown  Coal  near  Cologne,  one  often  met  with 
there  in  the  excavation  of  a  tonnel,  is  the  peculiar  fruit,  so  Uke  a 
cocoa-no^  called  NipadUeM  or  Burttmia  Fanjani  (see  fig.  220. ).  Now 
this  fossil  abounds  in  the  Lower  Eocene  or  Sheppy  day  near  London, 
also  in  the  JUiddle  Eocene  at  Brussels ;  and  I  found  it  still  higher  in 
the  same  anmnulitic  series  at  Gasselt  in  Ft«nch  Flanders.  This 
fact  taken  alone  wonid  rather  lead  ns  to  refer  the  Cologne  lignite 
to  the  Eocene  period. 

Some  of  the  lignites  of  the  SSebengebii^  near  Bonn  associated 
with  volcanic  rocks,  and  those  of  Hesse  Cassel  which  accompany 
basaltic  outponritigs,  are  certainly  of  much  later  date. 

CPPEB  BOGXNK  JRB&TA  Of  BNGLAND. 

Hempstead  bed*. — Itteof  Wight — Until  very  lately  it  was  sup- 
posed  by  English  geologists  that  the  newest  tertiary  strata  of  the 
Isle  of  Wight  corresponded  in  age  with  the  gypseous  series  of  Mont- 
martre  near  Paris  ;  and  this  idea  was  confirmed  by  the  fact  that  the 
same  species  of  PaUeotherivm,  Anoptotherium,  and  other  extinct  mam- 
malia  so  characteristic  of  the  Parisian  series,  were  also  found  at 
Binstead,  near  Ryde,  in  the  northern  district  of  the  island,  forming 
part  <£  tbe  fiuvio-marine  series.  We  are  indebted  to  Prof.  £.  Forbes 
for  having  discovered  in  the  autumn  of  1S52  that  there  szist  three 
formations,  tbe  true  position  of  which  had  been  overlooked,  lU  of  them 
newer  than  the  beds  of  Headon  Hill,  in  Alum  Bay,  which  last  were 
formerly  believed  to  be  the  uppermost  part  of  the  Isle  of  Wight 
tertiary  series.* 

?1ie  diree  overlying  formations  to  which  I  allndeare  as  follows  : — 
1st,  certain  sb^s  and  sandstones  called  the  St.  Helen's  beds  (see 
Table,  p.  105.  rtM^.)  rest  immediately  upon  tbe  Headon  series;  2dly, 
tbp  St.  Heidi's  series  is  succeeded  by  the  fiembridge  beds  before 
mentioned,  tbe  equivalent  of  the  Montmartre  gypsum ;  and  3rdly, 
above  the  whole  is  found  the  Upper  Eocene  or  Hempstead  series. 
Tkis  newer  deposit,  which  is  170  feet  thick,  baa  been  so  called  from 
Hempstead  Hill,  near  Tarmouth,  in  tbe  Isle  of  Wigfat.^  The  fol- 
lowing is  the  succession  of  strata  there  discovered,  the  details  of 
which  are  important  for  reasons  ezpbuned  in  the  preliminary  re- 
marks of  this  chapter  (p.  188): — 

*  £.   Taibtt,    QtoL   Qnart.    Jonm.     with  HunpMead   WO,   near   london, 

ISftS.  irbete  tbe  Lower  Seeme  or  London 

f  Tut  hill  most  not  be  eon&tuded     CUjiie^iped  by  Middle  Eocene  wwdi. 
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I.  The  nppenncwt  or  CorbDla  bedi,  eoaisSng  of  marine  Modi  and  dajt, 
coDlain  Coriula  pintm,  Sg.  ITO.,  a  q>ecieB  commoD  to  tbe  Middle  Eoceiw  d^ 
of  Barton ;  Cyrtiui  taut&iata,  fig.  ITU  wbicti  ia  also  a  Middle  £ 
MTEral  OirWua,  and  other  ilieUt  pectUiar  to  tliU  ■erie^ 


3.  Next  belov  are  freihwatcr  and  estnaiy  aarli  and  carbonaceani  clayi,  in  the 
brackish-water  peition  of  which  are  found  abondantlj  CtriOmm  pUcatum,  Lain, 
fig.  172,  C.  dtgaiu,  fig.  IT3.,  and  C.  trieincttm;  also  Rutoa  Chatldii,  fig.  174, 
a  Terj  common  Umborg  shell,  and  which  occors  in  each  of  the  fonr  sabdiiisiaDi 
of  the  Hempstead  series  down  to  its  base,  where  it  passes  jato  tbe  Bembridgebeds. 
In  the  freshwater  portioa  of  the  same  beds  i^iAuUminla,  fig,  175,,  occais,atheII 

nj.  ITl.  Fl|.  171.  Fli.  17*.  Flf.  ITS. 


•mm  (bnu.        Slata  CknUUi,  Knt. 
DPitnid.  Sp.  Umpileid,  Iila 

oF  Wight. 


identified  bf  some  coDcholc^ists  with  a  species  now  linng,  P.  miaiar;  abo 
several  apeciea  of  lymuus,  J^anorbii,  and  Vide. 
3.  Ttxt  next  serteB,   or  middle  freshwater  and  estasrj  mark,   are   distinguished 
h^thepresenceof  Mefonia/iueuifa,  FufnifiBa  bnCa,  and  clays  with  C^firu;  the 
lowest  bed  conlains  fVcas  aonutnota,  fig.  171.,  mingled  with  Cvilhia  and  a 


4.  Tia  lower  freehwater  and  estnaiy  maris  contain  MAaua  eotiatt.  Sow. 
JfeloflOpsu,  Stc  The  bottom  bed  is  carbonaMOOa,  and  called  the  "  Black  band," 
in  which  Riaoa  Cluutdii,  fig.  173 ,  before  alluded  to,  is  cooiman.  This  bed 
coDtaioa  a  mixtnre  of  Hempstead  shells  with  those  of  the  nnderljing  Middle 
Eoeeae  or  Bembridge  series.  The  soed-Tessels  of  Chora  mtdicagiuula,  Brong, 
and  C.  itlteUnu  are  characteristic  of  the  Hempstead  beds  general];.  He 
"""""'I'*,  among  which  is  a  species  of  Nt/oUurium,  differ,  so  &i  as  ihej  an 
Icnown,  tton  thoae  of  Che  Bembridge  beds  immediately  noderljing. 
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BttweeD  Iha  Hempstead  beda  above  dcacribed  and  tboae  next  below  then, 
then  ii  no  break,  ai  twfbre  Mate4,  p.  18B.  Hie  fnahwalar,  brackiili,  and 
marine  liinetfoiies  and  morli  of  the  underlying  or  Bembridge  gioap  are  in 
conlbTinable  uratiScation,  and  eootain  Qmia  ttmitlriata,  Bg.  171.,  MdaHui 
mimcala,  Paladaa  iatta,  flg.  179.,  and  «e*eral  other  ihelli  belonging  to  the 
HempMead  beda,  Prat  Forbei  therefore  claiHB  both  of  them  in  the  aune 
Upper  Bocene  dirldoiL  I  hare  called  ifae  B«mbridge  beda  Uiddle  SoeeM, 
fa- MmTcniance  lak^  aa  alreadj  explained  (p  p.  IS4. 188.). 

UPFEB  KOCESB   BTKATl,  OF  TRAXCE. 

(^lA)V>tr  Mioeene  of  many  French  author*.) 
The  Giis  de  FonUinebleBo,  or  B&ndstone  of  the  Forest  of  Foa- 
tunebleau,  haa  been  frequeotlj  alluded  to  in  the  preceding  pageei,  as 
comsponding  in  age  to  the  Limburg  or  Hempstead  beds.  It  is  as- 
sociated in  the  suburbs  of  Paris  with  s  set  of  strata,  verf  varied  in 
tbeir  compositioa,  and  containing  in  their  lower  portion  a  green 
daj  with  abundance  of  small  oysters  (0*trea  cyalhttla.  Lam.)  whJcb 
are  sprf«d  over  a  wide  area.  The  marine  sands  and  sandstone 
which  OTcrlie  this  clay  include  Cytherea  ineraatata  and  many  other 
Limbnrg  fossils^  the  Snest  collections  of  which  have  been  made  at 
Etampes,  south  of  Paris,  where  they  occur  in  loose  sand.  The  Gr^ 
de  Fontainebleau  is  sometimes  called  the  "Upper  marine  sands"  to 
distinguish  it  from  the  "Middle  sands"  or  Gr^  de  Beauchamp,  a 
Middle  Eocene  groap. 

Calcaire  tacuttre  ra^jrieur.  — Above  .the  Grfts  de  Fontaineblean 
is  seen  the  upper  freshwater  limestone  and  marl,  sometimes  called 
Calcaire  de  la  Beauce,  which  with  its  accompanying  marls  and 
siliceous  beds  seem  to  have  been  formed  in  marshes  and  shallow  lakes, 
such  aa  frequently  overspread  the  newest  parts  of  great  deltas.  Beds 
of  flint,  continuous  or  in  nodules,  accumulated  in  these  lakes,  and 
Charts,  aquatic  plants,  already  alluded  to,  left  their  stems  and  seed- 
vessels  imbedded  both  in  the  marl  and  flint,  together  with  freshwater 
and  land-shells.  Some  of  the  siliceous  rocks  of  this  formation 
are  used  extensively  for  millstones.  The  flat  summits  or  platforms 
of  the  hills  round'  Paris — ^large  areas  in  the  forest  of  Fontaineblean, 
and  the  Plateau  de  la  Beauce,  between  the  Seine  and  the  Loire,  are 
diiefly  composed  of  these  npper  freshwater  strata.  When  they  reach 
the  valley  of  the  Loire,  tbey  occasionally  underlie  and  form  the 
bonndaryof  themaiine  Miocene  faluna,  fragments  of  the  older  fresh- 
water limestone  having  been  broken  off  and  rolled  on  the  shores  and 
in  the  bed  of  the  Miocene  sea,  as  at  Pontlevoy,  on  the  Cher,  where 
the  perforating  marine  shells  of  the  Miocene  period  still  remain 
in  hollows  drilled  in  the  blocks  of  Eocene  limestone. 

Central  Pranoe. — Lacustrine  strata,  belonging,  for  the  most  part, 
to  the  same  Upper  E^ene  series,  are  again  met  with  in  Auvergne, 
Cnntal,  and  Telay,  the  sites  of  which  may  be  seen  in  the  annexed 
map.  They  appear  to  be  the  monuments  of  ancient  lakes,  which, 
Uke  some  of  those  now  existing  in  Switzerland,  once  oocupied  the 
depressions  in  a  mountainous  region,  and  have  been  each  fed  by  one 
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or  more  rivers  and  torrents.    The  country  where  they  occnr  is  almcat 
entirely  composed  of  granite  and  different  wietiei  of  gmniUc  schist. 
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witb  hen  and  there  ft  tew  patches  of  secoadaiy  stratft,  mtich  dislo- 
cftled,  ftud  irtiich  htve  probably  Buffered  great  deaudation.  There 
■re  ilfio  Bome  raat  piles  of  toIcbdIc  matter  (see  the  map),  the  greater 
part  of  which  is  newer  than  the  freshwater  strata,  and  is  sometimes 
teen  to  Test  upon  them,  while  a  small  part  has  evidently  been  of 
cantemporaneoAB  origin.  Of  these  igneous  rocks  I  diall  treat  more 
psrticularl/  in  another  part  of  this  wivk. 

Before  entering  upon  any  details,  I  may  observe  that  the  study 
of  these  regions  posaesses  a  peculiar  interest^  very  distinct  in  kind 
from  that  derivable  from  the  investigation  either  of  the  Parisian  or 
English  tertiary  areas.  For  we  are  presented  in  Anvei^ne  with  the 
evidence  of  a  series  of  events  of  astonishing  magnitude  and  grandeur, 
by  which  the  original  form  and  features  of  the  country  have  been 
greatly  changed,  yet  never  so  far  obliterated  but  that  they  may  still, 
in  part  at  least,  be  restored  in  Imagination.  Great  lakes  have  dis- 
appeared,—  lofty  mountains  have  been  formed,  by  the  reiterated 
emission  of  lava,  preceded  and  followed  by  showers  of  sand  and 
■corin,— deep  valleys  have  been  subsequently  furrowed  out  through 
masses  of  lacustrine  and  volcanic  origin,  —  at  a  still  later  date,  new 
cones  have  been  thrown  up  in  these  valleys, — new  lakes  have  been 
formed  by  the  damming  up  of  rivers, — and  more  than  one  creation  of 
quadnpeds,  birds,  and  plants,  Eocene,  Miocene,  and  Pliocene,  have 
followed  in  snccessioA ;  yet  the  region  has  preserved  from  first  to  last 
its  ge<^;raphical  identity  i  and  we  can  still  recall  to  our  thoughts  its 
extern^  condition  and  physical  structure  before  these  wonderful 
vicissitudes  began,  or  while  a  part  only  of  the  whole  had  been  com- 
pleted. There  was  first  a  period  when  the  spacious  lakes,  of  which 
we  stilt  may  trace  the  boundaries,  lay  at  the  foot  of  mountains  of 
moderate  etevation,  nnbroken  fay  the  bold  peaks  and  precipices  of 
Hont  Dor,  and  unadorned  by  the  picturesque  outline  of  the  Pay  de 
Dome,  or  of  the  volcanic  cones  and  craters  now  covering  the  granitic 
platform.  During  this  earlier  scene  of  repose  deltas  were  slowly 
formed ;  beds  of  marl  and  sand,  several  hundred  feet  thick,  deposited ) 
Biliceons  and  calcareous  rocks  precipitated  from  the  waters  of  mineral 
springs ;  shells  and  insects  imbedded,  together  with  the  remuns  of 
the  crocodile  and  tMtoise ;  the  eggs  and  bones  of  water  birds,  and  the 
skeletons  of  quadrupeds,  some  of  them  belonging  to  the  same  genera 
■s  those  entombed  in  the  Eocene  gypsum  of  Paris.  To  this  tranquil 
condition  of  the  surface  succeeded  the  era  of  volcanic  eruptions,  when 
the  lakes  were  drained,  and  when  the  fertility  of  the  mounttunons 
district  was  probably  enhanced  by  the  igneous  matter  ejected  from 
below,  and  ponred  down  upon  the  more  sterile  granite.  During  these 
eruptions,  which  appear  to  have  taken  place  after  the  disappearance 
of  the  Upper  Eocene  faUna,  and  partly  in  the  Miocene  epoch,  the 
mastodon,  rhinoceros,  elephant,  t«pir,  bippopotamns,  together  with  the 
ox,  various  kinds  of  deer,  the  hear,  hyasna,  and  many  beasts  of  prey 
ranged  the  forest,  or  pastured  on  the  plain,  and  wera  occasionally 
overtaken  by  a  fall  of  burning  <undeTS,  or  buried  in  flows  of  mud,  such 
as  accompany  volcanio  emptions.    Lastij,  these  quadrupeds  became 


,i^,Coo<^lc 


198  LACnSTBIlTB  BTBATA. — AUTEBQKE.  [Ca.XT. 

extinct,  and  gave  place  to  Pliocene  mammalU  (see  ch.  xxxiL),  ucl 
these,  in  their  turn,  to  spedes  now  existing.  There  are  no  ngns, 
during  the  whole  time  required  for  this  eeriee  of  eventa,  of  the  tea 
having  intervened,  nor  of  any  denudation  which  maj  not  have  been 
accomplished  by  currents  in  the  different  lakes,  or  by  rivers  and  floods 
accompanying  repeated  earthquakes,  during  which  the  levels  of  the 
district  have  in  some  places  been  materially  modified,  and  perhaps 
the  whole  upraised  relatively  to  the  anrrounding  parts  of  France. 

Awerffne. — The  most  northern  of  the  freshwater  groope  is  uta- 
ftted  in  the  valtey-plain  of  the  Allier,  which  lies  within  the  depart- 
ment of  the  Fny  de  Dome,  being  the  tract  which  went  formerlj 
by  the  name  of  the  Limagne  d'Auvergne.  It  is  inclosed  by  two 
parallel  monntain  ranges, — that  of  the  For^  which  divides  the 
waters  of  the  Loire  and  Allier,  on  the  east ;  and  that  of  the  Moots 
Domes,  which  separates  the  Allier  from  the  Sionie,  on  the  west* 
The  average  breadth  of  this  tract  is  about  20  miles ;  and  it  is  for 
the  most  part  composed  of  nearly  horisontal  strata  of  sand,  sand- 
stone, calcareous  marl,  clay,  and  limestone,  none  of  which  observe 
a  fixed  and  invariable  order  of  superposition.  The  ancient  bcsrdere 
of  the  lake,  wberein  the  freshwater  strata  were  accumulated,  may 
generally  be  traced  with  precision,  the  granite  and  other  ancient 
rocks  rising  np  boldly  from  the  level  coantry.  The  actual  janction, 
however,  of  the  lacustrine  and  granitic  beds  is  rarely  seen,  as  a  small 
valley  usually  intervenes  between  them.  The  freshweter  strata  may 
sometimes  be  seen  to  retain  their  horisontality  within  a  very  slight 
distance  of  the  border-rocka,  while  in  some  places  they  are  inclined, 
and  in  few  instances  verticaL  The  principal  divisions  into  which 
the  l&cnstrine  series  may  be  separated  are  the  following:  —  1st, 
Sandstone,  grit,  and  conglomerate,  including  red  marl  and  red  eand- 
alone ;  2dly,  Green  and  white  foliated  marls  i  8dly,  limestone  or 
travertin,  often  oolitic  ;  4thly,  Gypseous  marls. 

1.  a.  Sandtbme  and  conglomerate. — Strata  of  sand  and  gravel, 
sometimes  bound  together  into  a  solid  rock,  are  found  in  great  abun- 
dance around  the  confines  oS  the  lacustrine  baun,  containing,  in 
difibrent  places,  pebbles  of  all  the  ancient  rocks  of  the  adjoining 
elevated  cocntry ;  namely,  granite,  gneiss,  mica-eehist,  clay-slate^ 
porphyry,  and  others,  bnt  without  any  intermixtare  of  basaltic  or 
other  tertiary  volcanic  rocks.  These  strata  do  not  form  one  con- 
tionouB  band  around  the  margin  of  the  basin,  being  rather  disposed 
like  the  independent  deltas  which  grow  at  the  mouths  of  torrento 
along  the  borders  of  existing  lakes. 

At  Ghamalieres,  near  Clermont,  we  have  an  example  of  one  of 
these  deltas,  or  littoral  deposits,  <^  local  ex^tent,  where  the  pebbly 
beds  slope  away  from  the  granite,  as  if  they  had  formed  a  talus 
beneath  the  waters  of  the  lake  near  the  steep  shore.  A  section  di 
abont  50  feet  in  vertical  height  has  been  laid  xipen  by  a  torrent, 
and  the  pebUes  are  seen  to  consist  throughout  of  rounded  and 

*  Berope,  OaoloQr  of  Ceniral  fyuca,  p.  tL 
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ugnlar  fragBUDts  of  granite,  qoftrts,  primftrj  ilate,  and  red  sand- 
stone. Partial  la/era  of  lignite  and  pieces  of  wood  are  foond  in  these 
bedB. 

At  some  localities  on  the  margin  of  the  basin  qnarteose  grits  are 
foimd ;  and,  where  these  rest  on  granite,  they  are  somedmeB  formed 
of  separate  cryatals  of  quartz,  mica,  and  felspar,  derived  from  the 
disint^rated  granite,  the  cTTStals  having  been  snbeeqnentlj  bound 
together  bj  a  siliceous  cement.  In  these  cases  the  granite  seems 
regenerated  in  a  new  and  more  solid  form ;  and  so  gradual  a  passage 
takes  place  between  the  rock  of  crystalline  and  that  of  mechanical 
-origin,  that  we  can  acarcelj  distingaish  where  one  ends  and  the 
other  begins. 

In  the  hills  called  the  Foy  de  Jnssat  and  La  Koche,  we  have  the 
advantage  of  seeing  a  section  continaonsly  exposed  for  about  700  feet 
in  thickness.  At  the  bottom  are  foliated  marls,  white  and  green, 
aboat  400  feet  thick ;  and  above,  resting  on  the  marls,  are  the  quartzose 
grits,  cemented  by  calcareous  matter,  which  is  sometimes  so  abundant 
as  to  form  imbedded  nodules.  These  sometimes  constitnte  spheroidal 
concretions  6  feet  in  diameter,  and  pass  into  beds  of  solid  lime- 
stone, resembling  the  Italian  travertins,  or  the  depoaitB  of  mineral 
springs. 

1.  £.  Btd  marl  and  tandtUme— 'Bat  tiiB  most  remarkable  of  ths 
arenaceous  groups  is  one  of  red  sandstone  and  red  marl,  which  are 
identical  in  all  their  mineral  characters  with  the  secondary  iVno  Red 
tanditofu  and  marl  of  England.  In  these  seconduy  rocks  the  red 
gronnd  is  sometimes  variegated  with  light  greenish  spots,  and  the 
same  may  be  seen  in  the  tertiary  formation  of  freshwater  origin  at 
Coades,  <ni  the  Allier.  The  marls  are  sometimes  of  a  pnrpIish-red 
colour,  as  at  Champheiz,  and  are  accompanied  by  a  reddish-lime- 
stone, like  the  well-known  "  comstone,"  which  is  associated  with  the 
Old  B«d  sandstone  of  Knglish  geologists.  The  red  sandstone  and 
marl  of  Auvergno  have  evidently  been  derived  from  the  degradation 
of  gneiss  and  mica-schist,  which  are  seen  m  ntu  on  the  adjoining 
hills,  decomposing  into  a  soil  very  similar  to  the  tertiary  red  sand 
and  marL  We  also  find  pebbles  of  gneiss,  mica-schist,  and  quartz 
in  the  coarser  sandstones  of  this  gronp,  clearly  pointing  to  the 
parent  rocks  from  which  the  sand  and  marl  are  derived.  The  red 
'  beds,  although  destitute  themselves  of  organic  remains,  pass  upwards 
into  strata  containing  tertiary  fossils,  and  are  certainly  an  integral 
part  of  the  lacustrine  formation.  From  this  example  the  student 
will  learn  how  small  is  the  value  of  mineral  character  alone,  as  a 
test  of  the  relative  age  of  rocks. 

2.  Green  and  white  foliated  marU. — The  same  primary  rocks  of 
Anvergne,  which,  by  the  partial  degradation  of  their  harder  parts, 
gave  rise  to  1^  quartzose  grits  and  conglomerates  before  mentioned, 
wonld,  by  the  reduction  of  the  same  materials  into  powder,  and  by 
ths  decomposition  of  their  felspar,  mica,  and  hornblende,  produce 
aluminons  day,  and,  if  a  sufficient  quantity  of  carbonate  of  lime 
was  present,  calcareous  marL     This  fine. sediment  would  naturally 
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be  carried  out  to  r  grefttar  diatftnce  from  the  shorn,  m  are  tbe 
various  Aner  marls  now  depoMted  in  Lake  Superior.  And  aa,  in  the 
American  lake,  shingle  &nd  sand  are  annually  amassed  near  the 
norlhern  shorBS,  so  in  Anvergne  tba  grits  and  oonglomenUes  before 
mentioned  were  evidentl;^  formed  near  the  bcn-dera. 

The  entire  thickness  of  these  marls  is  nnknown;  bat  it  certainlj 
exceeds,  in  some  places,  700  feet.  Thej  are,  for  the  most  par^ 
either  light^^reen  w  white,  and  asoallj  calcareous.  Thej  are 
thinly  fcdinted,— a  character  which  frequently  arises  from  the  in. 
numerable  thin  shells,  or  carapace- val  res,  of  that  small  animal  called 
Cgpru.  litis  animal  is  provided  with  two  small  valves,  not  unlike 
those  of  a  bivalve  shell,  and  moults  its  integuments  periodically, 
which  tJie  conchiPerous  moUusks  do  not.  This  drcnmatance  may 
partly  explain  the  countless  myriads  of  the  shells  of  Q/prit  which 
were  shed  in  the  ancient  lakes  of  Anvergne,  so  as  to  give  rise  to 
divisions  in  the  nuui  as  thin  as  paper,  and  that,  too,  in  stratified 
masses  sevend  hundred  feet  thick.  A  more  convininng  proof  of  the 
tranquillity  and  deanteaa  of  Uie  waters,  and  of  the  slow  and  gradual 
process  by  which  die  lake  was  filled  up  with  fine  mud,  cannot  be 
desired.  Sut  we  may  easily  suppose  that,  while  this  fine  sediment 
was  thrown  down  in  the  deep  and  central  parta  of  the  basin,  gravel, 
sand,  and  rocky  fragments  were  bniried  into  tbe  lake,  and  deposited 
sear  the  shore,  forming  the  group  described  in  the  preceding  section. 

Not  far  from  Clermont,  the  green  marls,  oontuoing  the  Cj/prit  in 
abundance,  approach  to  within  &  few  yards  of  tbe  granite  whidi  foims 
tlie  borders  of  the  basin.  The  occurrence  of  these  mai^  so  near  the 
ancient  margin  may  be  explained  by  considering  that,  at  the  bottom  of 
the  ancient  lake,  no  coarse  ingredieuta  were  deposited  in  spaces  inter- 
mediate between  the  points  where  rivers  and  torrents  entered,  but 


finer  mod  only  was  drifted  there  by  cnrrents.  The  v^HeaUty  of 
some  of  the  beds  in  the  above  section  bears  testimony  to  oonaiderable 
local  disturbance  subsequent  to  the  deposition  of  the  marls ;  but  suck 
inclined  and  vertical  strata  are  very  rare. 

8.  Limalone,  travertin,  ooUl*. — Both  the  preceding  members  of 
the  lacustrine  deposit,  the  marls  and  grits,  pass  occasionally  into 
limestone.  Sometimes  only  concretionary  nodules  abound  in  themt 
bnt  these,  where  there  is  an  increase  in  the  quantity  of  ealcareooa 
matter,  unite  into  regular  beds. 
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On  esdi  ride  of  the  basio  of  the  Limagne,  both  on  the  west  at 
GuDftt,  Bnd  on  the  ewt  Kt  Vich^,  &  white  oolitic  limestone  is  qnar- 
ried.  At  Tichj,  the  oolite  resembles  our  -Bath  stone  in  appearance 
and  beautj;  and,  like  it,  is  soft  when  first  taken  from  the  qnirry, 
but  loon  hardens  on  exposure  to  ^e  air.  At  Gannat,  the  stone 
contains  Uud-thella  and  bones  of  quadrupeds.  At  Chadrat,  in  the 
hill  of  La  Serre,  the  limestone  is  pisolitic,  the  small  spheroids  com- 
bining  both  the  radiated  Cnd  concentric  structure. 

I»d)uiti  Htnettone. — There  is  another  remai^ble  form  of  fresh- 
mter  liiaest(»e  in  Anvei^e,  called  "  indusial,"  from  the  cases,  or 
i»Aaia,  of  caddis-worms  (the  larvat  of  Pktyganea) ;  great  heaps  of 
which  have  been  incrusted,  as  thej  lay,  bj  carbonate  of  lime,  and 
formed  into  a  hard  travertin.  The  rock  is  sometimes  purely  cal- 
cueons,  but  there  is  occasionally  an  intermixture  of  siliceous  matter. 
Several  beds  of  it  are  frequently  seen,  either  in  continuous  masses, 
or  in  concretionary  nodnlea,  one  npon  another,  with  layers  of  marl 
interposed.  The  annexed  drawing  (fig.  178.)  will  show  the  manner 
in  which  one  of  these  indusial  beds  (a)  is  laid  open  at  the  surface, 
between  the  marls  {b  b),  near  the  base  of  the  hill  of  Gergovia ;  and 
sflbrds,  at  the  same  time,  an  example  of  the'  extent  to  which  the 
lacustrine  strata,  which  must  once  have  filled  a  hollow,  have  been 
desoded,  and  shiqwd  out  into  hills  and  valleys,  on  the  Nie  of  the 
ancient  lakes. 


Moriiidu,lilllmettone,  IsUiurulficd  Hllb  rrnhsittr  diirl,  nur  C]wncinl(KletiU<hnit). 

^e  may  often  observe  in  our  ponds  the  PAryganea  (or  Caddis- 
^)>  in  its  caterpillar  state,  covered  with  small  freshwater  shells,  which 
^J  have  the  power  of  fixing  to  the  outside  of  their  tubular  cases, 
in  order,  probably,  to  give  tliem  weight  and  strength.    The  indiridual 
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figured  in  the  annexed  cut,  which  belongs  to  &  speciea  very  aband&nt 
in  England,  hu  covered  itt  case  with 
shells  of  a  small  Plattarhu.  In  the  same 
manner  a  large  species  of  caddis-vmn 
which  swarmed  in  the  Eocene  lakes  of 
'  AuTergne  was  accnslomed  to  attach  to 
its  dwelling  the  shelb  of  a  small  spiral 
WT.«rr«dii  j-*.Mau^  nnlvalve  of  the  genus  Paludi»a.  A  hnn. 
dred  of  these  minute  shells  are  sometimes  seen  ammged  aroand  one 
tube,  part  of  the  central  cavity  of  which  is  oitea  empty,  the  rest 
being  filled  up  with  thin  concentric  layers  of  traverdn.  The  esse* 
have  been  thrown  together  confosedly,  and  ofl»n  lie,  as  in  fig.  ISO^ 


at  right  angles  one  to  the  other.  When  we  consider  that  ten  or 
twelve  tubes  are  packed  within  the  compass  of  a  cubic  inch,  and 
that  some  single  strata  of  this  limestone  are  6  feet  thick,  and  may  be 
traced  over  a  considerable  area,  we  may  form  some  idea  of  the  count' 
less  number  of  insects  and  mollusca  which  contributed  their  integQ' 
meats  and  shells  to  compose  this  singularly  constructed  rock.  It  is 
unnecessary  to  suppose  that  the  Phtyganea  lived  on  the  spots  where 
their  cases  are  now  found ;  they  may  have  muldplied  in  the  shallows 
near  the  margin  of  the  lake,  or  in  the  streams  by  which  it  was  fed, 
and  their  cases  may  have  been  drifted  by  a  current  far  into  the  deep 

In  the  summer  of  1837,  when  examining,  in  company  with  Dr. 
Beck,  a  small  lake  near  Copenhagen,  I  had  an  opportunity  of  wit- 
nessing a  beautiful  exemplification  of  the  manner  in  which  the 
tubular  cases  of  Auvergne  were  probably  accumulated.  This  lake, 
called  the  Fuure-Soe,  occurring  in  the  interior  of  Seeland,  is  about 
twenty  English  miles  in  circumference,  and  in  some  parts  200  feet  in 
depth.  Round  the  shallow  borders  an  abundant  crop  of  reeda  and 
rushes  may  be  observed,  covered  with  the  indusie  of  the  I^ryganea 
grandit  and  other  species,  to  which  shells  are  attached.  The  plants 
which  support  them  are  the  bulrush,  Seirpvf  laeuttrit,  and  common 
reed,  Arundo  phragmttes,  but  chiefly  the  former.  In  summer,  espe* 
cially  in  the  month  of  June,  a  violent  gust  of  wind  sometimes  causes  a 
current  by  which  these  plants  are  torn  up  hj  the  roots,  washed  away, 
and  floated  off  in  long  bands,  more  than  a  mile  in  length,  into  deep 
water.   The  Cj/prit  swarms  in  the  same  lake ;  and  calcareotu  springs 

*  I  bslicTC  that  the  Britiah  (pedmen  here  figured  Ii  P.  rhmiiika,  Una. 
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tHane  are  wanting  to  form  extensive  beds  of  induual  limeBtoiie,  like 
those  of  Aavergne. 

4.  GypMeouM  marlt.  —  More  than  50  feet  of  thinly  laminated 
gjpoooua  marb,  esactif  resembling  those  in  the  hill  of  Montmartre, 
at  Psria,  are  worked  for  gypsum  at  St.  Bomain,  on  the  right  bank  of 
the  Allier>  They  rest  on  a  Beries  of  green  cypridiferous  marb  which 
alternate  with  grit,  the  onited  thichneae  of  this  inferior  group  being 
seen,  in  averttcal  section  on  the  banks  of  the  riTer,  to  exceed  iidO  feet. 

Central  arrangtment,  origin,  and  age  of  tkifrtthwalerfamuitiont 
cf  Auvergne.  —  The  relations  of  the  different  groups  above  described 
cannot  be  learnt  by  the  study  of  any  one  section  ;  and  the  geologist 
who  seta  oat  with  the  expectation  of  finding  a  fixed  order  of  sacces- 
aioa  may  perhaps  complain  that  the  different  parts  of  the  basin  give 
contradictory  results.  The  arenaceous  diviaion,  the  marls,  and  the 
limestone  may  all  be  seen  in  some  places  to  alternate  with  each  other ; 
y«t  it  can  by  no  means  be  affirmed  that  there  is  no  order  of  arrange- 
meuL  The  sands,  sandstone,  and  conglomerate  constitute  in  general 
a  littoral  group;  the  foliated  white  and  green  marls,  a  contem- 
poraneous central  deposit;  and  the  limestone  is  for  the  most  part 
subordinate  to  the  neirer  portions  of  both.  The  uppermost  marls 
and  sands  are  more  calcareous  than  the  lower ;  and  we  never  meet 
with  calcareous  rocks  covered  by  a  considerable  thicknessofquartzose 
aanJ ^r  green  marL  From  the  resembhujce  of  the  limestones  to  the 
Italian  travertins,  we  may  conclude  that  they  were  derived  from  the 
waters  of  mineral  springs,  —  such  springs  aa  even  now  exist  in  A.D* 
▼ei^e,  and  which  may  be  seen  rising  up  through  the  granite,  and 
precipitating  travertin.  They  are  sometimes  thermal,  hut  this  cba* 
racter  is  by  no  means  constant. 

It  seems  that,  when  the  ancient  lake  of  the  Limagne  first  began  to 
1)6  filled  with  sediment,  no  volcanic  action  had  yet  produced  lava  and 
Bcorin  on  any  part  of  the  surface  of  Auvergne.  No  pebbles,  there- 
fore, of  lava  were  transported  into  the  lake, — no  ^gments  of  volcanic 
neks  embedded  in  the  conglomerate.  But  at  a  later  period,  when  a 
considerable  thickness  of  sandstone  and  marl  had  accumulated,  erup- 
tions broke  out,' and  lava  and  tuff  were  deposited,  at  some  spots,  al- 
ternately with  the  lacustriiie  strata.  It  is  not  improbable  that  cold 
and  thermal  springs,  holding  different  mineral  ingredients  in  solution, 
became  more  numerous  during  the  successive  convulsions  attending 
this  development  of  volcanic  agency,  and  thus  deposits  of  carbonate 
uid  sulphate  of  lime,  siles,  and  other  minerals  were  produced.  Hence 
these  minerals  predominate  in  the  uppermost  strata.  The  subterranean 
movements  may  then  have  continued  until  they  altered  the  relative 
levels  of  the  country,  and  caused  the  waters  of  the  lakes  to  be  drained 
fM,  and  the  farther  accamnlation  of  regular  freshwater  strata  to  oease. 

We  may  easily  conceive  a  similar  series  of  events  to  give  rise  to 
Hialt^oas  results  in  any  modem  basin,  such  as  that  of  Lake  Superior, 
fat  example,  whera  numerous  rivers  and  torrents  are  carrying  down 
the  detritus  of  a  chain  of  mountains  into  the  lake.  The  transported 
loaterials  must  be  arranged  according  to  their  size  and  weight,  the 
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ooarser  near  tlie  Bhare,  the  finer  at  a  greater  distance  fr<Mn  land ;  but 
in  thegniT€llr  and  aandf  beds  of  Lake  Superior  no  pebbles  nf  modern 
Tolcanio  rocks  can  be  included,  unc«  there  are  none  of  tbese  at  preaeni 
in  the  district.  If  igneous  action  ahonld  break  out  in  that  conntrjt 
and  produce  lava,  acorin,  and  thermal  firings,  the  deposition  of  gravel, 
sand,  and  marl  might  still  continue  as  before;  bal^  in  additicHi,  there 
would  then  be  an  intermixture  of  rolcanic  gravel  and  tuff,  and  of 
rwika  precipitated  from  the  vraten  of  mineral  springs. 

Although  the  freshwater  strata  of  the  Limagne  approach  generally 
to  a  horiioatal  position,  the  proofs  of  local  disturbance  are  sufficientlj 
numerous  and  violent  to  allow  us  to  enppoae  great  changes  of  level 
since  the  lacustrine  period.  We  are  unable  to  assign  a  northera 
barrier  to  tbe  ancient  lake,  altliongh  we  can  atiU  trace  its  Umits  to 
the  east,  west,  and  south,  where  they  were  formed  of  bold  granite 
eminences,  Nw  need  we  be  Borprised  at  our  inability  to  restore 
entirelj  the  pbyBical  geography  of  the  country  after  ao  great  a  series 
of  volcanic  eruptions ;  for  it  is  by  no  means  improbable  that  one  part 
of  it,  thesouthem,for  example,  may  have  been  moved  upwards  bodily, 
while  othen  remained  at  rest^  or  aven  suffered  a  morement  of  de- 
pression. 

Whether  all  the  freshwater  formations  of  the  limagne  d'Anvaigne 
belong  to  one  period,  I  cannot  pretend  to  decide,  as  lai^  masses  both 
of  the  arenaceous  and  marly  groups  ara  often  devoid  of  Cossils. 
Some  of  the  (ddest  or  lowest  sands  and  marls  may  very  probably  be 
of  Middle  Eocene  dat«.  JUnch  light  has  been  thrown  on  the  maoi- 
niferouB  fauna  by  the  labours  of  MU.  Bravard  and  Croiaet,  and  by 
those  of  M.  PonwL  The  lost-mentioned  naturalist  has  pointed  ost 
the  specific  distinction  of  all,  or  nearly  all,  the  species  of  mammalia 
from  those  of  the  gypseous  aeries  near  FariB,  altbongh  many  of  the 
fnwms  ara  analogouB  to  those  of  Eocene  quadntpeds.  The  Cautolie- 
rium,  {or  example,  is  not  far  romoved  from  the  AttopUitherittm,  and 
is,  accmding  to  Waterhouse,  the  same  as  the  genns  MiervikeriKm  d 
the  Germans.  There  are  two  species  of  marsupial  animaU  allied  to 
Diddpkyi,  a  genos  also  found  in  the  Paris  gypsum,  and  seveial 
forms  of  ruminants  of  extinct  genera,  such  as  Angtkitragvltu  el«- 
gtuu  of  Fomel,  which  has  been  identified  with  a  Rhenish  species 
from  Weissenau  near  Moyence,  called  by  Kaup  Dorcatierimm 
manttnti  other  associated  fossils,  e.  g.,  J^ierotMerium  Bevffgeri,  and 
a  small  rodent,  Tilanomyt,  are  also  specifically  the  same  with  mam- 
malia of  the  Mayence  basin.  The  Hgtnodon,  a  romarkable  car- 
nivorons  genus,  is  represented  by  more  than  one  species,  and  the 
oldest  representative  of  the  genus  Maekmrodut  has  been  discovered 
in  these  beds  in  Auvergae.  The  first  of  these,  ^onodoti,  also  occurs 
in  tbe  English  Uiddle-Eoeene  marls  of  Hordwell  diff,  Hamp- 
ehire,  considerably  below  the  level  of  the  Bembriilge  limestone,  with 
Faleotheria.  Upon  the  whole  it  is  clear  that  a  large  portion  of  the 
limagne  rocks  have  been  correctly  rofirred  by  French  geoli^iots 
to  their  Middle  Tertiary,  and  to  that  part  of  it  which  is  called 
Upper  Eocene  in  this  work. 
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CanteJl  — A  frediwater  fbraudon,  of  about  the  game  Bge  and 
Ytry  Mialogous  to  thai  of  AuTergne,  is  titu&wd  in  the  department  of 
Hante  Loire,  near  the  towv  of  Le  Puy,  in  Yelaj ;  and  another  oocori 
near  Aurillac,  in  Cantal.  The  leading  feature  of  the  formation  last 
mentioned,  as  distinguiabed  from  tboee  of  Auvergne  and  Velay,  is  the 
isunenM  ahnndanoe  of  eilex  associated  with  calcareous  marls  and 
linestone. 

The  whole  tenet  may  be  separated  into  two  dtneions ;  the  lower, 
compoeed  of  gravel,  sand,  and  daj,  such  as  might  hare  been  derived 
inxD  the  wearing  down  and  decoinpositioD  of  the  granitic  echiata  of 
the  aarroundJBg  country ;  the  npper  iTilem,  consisting  of  siUceous 
wd  calcareous  marls,  contains  sabwdioately  gypsum,  silex,  and  Smio- 
slone. 

The  reeemUanee  of  the  freshwater  linestoiw  of  the  Cantal,  and  ila 
aecompanjiag  flint,  to  the  upper  ehalk  of  England,  is  very  inetruetiTet 
and  well  calculated  to  put  the  student  upon  his  guard  against  rely* 
iag  too  implicitly  on  mineral  character  atoae  as  a  safe  oriterion  ot 
r^tiveage. 

When  we  approach  Anrillac  from  the  vest,  we  pass  orer  great 
beftthj  [daina,  where  the  Bt«rile  mica-achist  is  barely  oorerad  with 
vegetation.  Kear  Ytrac,  and  betweei  I«-Gapelk  and  Yiseuap,  the 
surface  is  strewed  over  with  looee  broken  flints,  some  of  them  black 
in  the  interior,  but  with  a  white  external  coating;  others  stained 
with  tinta  of  yellow  and  red,  and  in  appearance  precisely  like  the  flint 
gravel  of  our  chalk  districts.  When  heaps  of  this  grsTel  have  thus 
announced  oar  approach  to  a  new  formation,  we  arrive  at  length  at 
the  escarpment  c^  the  lacustrine  beds.  At  the  bottom  of  the  hill 
which  rises  before  us,  we  see  strata  of  clay  and  sant^  resting  on  mica- 
schist  ;  and  above,  in  the  quarries  of  Belbet,  Leybros,  and  Bmel,  a 
white  limestone,  in  horizontal  strata,  the  surface  <tf  which  hae  bees 
hcdlowed  ont  into  irregular  furrows,  siuce  filled  up  wHh  bnAen  flin^ 
marl,  and  dark  vegetable  monnd.  In  these  cavities  we  reoognin  an 
exact  counterpart  to  those  which  arc  so  numerous  on  the  furrowed 
eurface  of  our  own  white  chalk.  Advancing  &om  these  quarries 
along  a  road  made  of  the  white  limestone,  which  reflects  as  glaring  a 
light  in  the  sun  as  do  our  roads  composed  of  chalk,  we  reach,  at 
length,  in  the  neighbourhood  of  Aurillac,  hills  of  limestone  and  cat 
careous  marl,  in  horiiontal  strata,  separated  in  s<»ns  places  by  regular 
layers  of  flint  in  nodules,  the  coating  of  each  nodule  bebig  of  ait 
(qmqne  white  colour,  like  the  exterior  of  the  flinty  iwdulea  of  our 
chalk. 

The  abundant  supply  both  of  siliceous,  calcareous,  and  gypseous 
matter,  which  the  ancient  lakea  of  France  received,  may  have  been 
connected  with  the  snbterraaean  volcanic  agency  of  which  those 
r^ions  were  so  long  the  theatre,  and  which  may  have  impregnated 
the  springs  with  mineral  matter,  even  before  the  great  outbreak  of 
laTk.  It  is  well  koowa  that  the  hot  springs  of  Iceland,  and  many 
other  countries,  contain  ailex  in  solution;  and  it  has  been  lately 
affirmed,  that  steam  at  a  high  temperature  is  capable  of  dissolving 
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qaBTtcue  rocks  vithout  the  Kid  of  any  alkaline  or  other  flux.* 
Warm  water  charged  with  siliceous  matter  would  immediately  put 
with  a  portion  of  its  aUex,  if  its  temperature  was  lowered  by 
mixing  with  the  cooler  waters  of  a  lake. 

A  hasty  obserTstion  of  the  white  limestone  and  flint  of  AnriUao 
might  convey  the  idea  that  the  rock  was  of  the  same  age  as  tbe  white 
chalk  of  Europe ;  but  when  we  turn  from  tbe  mineral  aspect  and  com- 
position to  the  organic  remains,  we  find  in  the  flints  of  the  Cantal 
seed-Tcssels  of  the  freshwater  Chara,  instead  of  the  marine 
eoophjtes  so  abundant  in  chalk  flints ;  and  in  the  limestone  we  meet 
with  shells  of  lAntneOy  IHatiorbit,  and  other  lacustrine  genera. 
'  PrtK^t  of  gradual  depotition. — Some  sections  of  the  foliated  marls 
in  tbe  valley  of  the  Cer,  near  Aurillac,  attest,  in  tbe  most  nnequivocal 
manner,  the  extreme  slowness  with  which  the  materials  of  tbe  lacus- 
trine series  were  amassed.  In  the  hill  of  Barrat,  for  example,  W8 
find  an  assemblage  of  calcareous  and  siliceous  marls ;  in  which,  for  a 
depth  of  at  least  60  feet,  the  layers  are  so  thin,  that  thirty  are 
sometimes  contuned  in  tbe  thickness  of  an  inch ;  and  when  they  are 
separated,  we  see  preserved  in  every  one  of  them  the  flattened  stems 
of  Chara,  or  other  plants,  or  sometimes  myriads  of  small  Palmdina 
and  other  freshwater  shells.  These  minuto  foliations  of  tbe  marl  re- 
aemble  precisely  some  of  tbe  recent  laminated  beds  of  the  Scotch 
marl  lakes,  and  may  be  compared  to  the  pages  of  a  book,  each  con- 
tuning  a  history  of  a  certain  period  of  the  past.  The  different  layers 
may  be  grouped  together  in  beds  from  a  foot  to  a  foot  and  a  half  in 
thickness,  which  are  distinguished  by  differences  of  compositioa  and 
colour,  the  tints  being  white,  green,  and  brown.  Occasionally  there 
is  B  parting  layer  of  pure  flint,  or  of  black  carbonaceous  vegelable 
matter,  about  an  inch  thick,  or  of  whito  pulverulent  marl  We  find 
several  hills  in  the  neighbourhood  of  AurillaC  composed  of  such 
materials,  for  the  height  of  more  ^an  200  feet  from  their  base,  tbe 
whole  sometimes  covered  by  rocky  currents  of  tracbytic  or  basaltic 
lava-t 

Thus  wonderfully  minute  are  tbe  separate  parts  of  which  some  of 
the  most  massive  geological  monuments  are  made  up  I  When  we 
desire  to  classify,  it  ia  necessary  to  contemplate  entire  groups  of 
strata  in  tbe  aggregate ;  but  if  we  wish  to  understand  tbe  mode  of 
their  formation,  and  to  explain  their  origin,  we  must  think  only  of 
tbe  minute  subdivisions  of  which  each  mass  is  composed.  We  naust 
bear  in  mind  how  many  thin  leaf-like  seams  of  matter,  each  contain- 
ing tbe  remains  of  mjrriads  of  testacea  and  plants,  frequently  enter 
into  the  composition  of  a  single  stratum,  and  how  vast  a  soccession  of 
these  strata  unite  to  form  a  single  group !  We  must  remember,  also, 
that  piles  of  Tolcuiic  matter,  like  the  Plomb  du  Cantal,  which  rises 
in  the  immediate  neighbourhood  of  Anrillac,  are  themselves  equally 

*  Sob  Proceedings  of  Boj^  Soc,  No.  Laenstres  iMtiilresdn  Ctntsl,&e.  Aniw 
44.  p.  933.  del  SeL  Nat  Oct.  1S3>. 
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the  result  of  auccessive  accumulation,  consisting  of  reiterated  sheets 
of  I&va,  sliowers  ofacorieB,  and  ejected  fragments  of  rock. — Lastly, 
'we  must  not  foi^et  that  continents  and  moDntain-chains,  colossal  as 
are  tbeir  dimeneions,  ore  nothing  more  than  an  assemblage  of  many 
BQch  igneous  and  aqueous  groups,  formed  in  succession  during  an 
indefinite  lapse  of  ages,  and  superimposed  upon  each  other. 

Bordeaux,  Aix,  &c.  —  The  Upper  Eocene  strata  in  the  Bordeaux 
tiasin  are  represented,  according  to  M.  Baulin,  hj  the  Falun  da 
X«ognan,  and  the  underlying  limestone  of  St.  Mocaire.  By  many, 
however,  the  upper  of  these,  or  the  Iieognan  beds,  are  considered  to 
1>e  DO  older  than  the  faluns  of  Touraine.  The  freshwater  strata  of 
Aix-en -Provence  are  probably  Upper  Eocene ;  also  the  tertiary  rocks 
of  Malta,  Crete,  Cerigo,  and  those  of  many  parts  of  Greece  and 
other  countries  bordering  the  Mediterranean. 

Nebratkti,  United  Statu. — In  the  territory  of  Nebraska,  on  the 
Upper  Missouri,  near  the  Platte  River,  lat.  42^  N.,  «  tertiary 
formation  occurs,  consisting  of  white  limestone,  marb,  and  siliceous 
clay,  described  by  Dr.  D.  Dale  Owen*,  in  which  many  bones  of 
extinct  quadrupeds,  and  of  cheloniana  of  land  or  fVeshwater  forms, 
are  met  with.  Among  tliese.  Dr.  Leidy  recognizes  a  gigantic 
Paiaothtrium,  larger  than  any  of  the  Fariaiau  species ;  several  species 
of  the  genus  Oreodon,  Leidy,  uniting  the  characters  of  pachyderms 
and  runinants;  Euerotaphui,  another  new  genus  of  the  same  mixed 
character ;  two  species  of  rhinoceros  of  the  snb-genus  Aeerotherium, 
an  Upper  Eocene  form  of  Europe  before  mentioned ;  two  of  Archao- 
tierium,  a  pachyderm  allied  to  Chwropotamut  and  Hyracotherium ; 
also  Pabrotheruan,  an  extinct  ruminant  allied  to  Dorcatheriam, 
Eanp;  also  Agriochcegut  of  Leidy,  a  ruminant  allied  to  Mery- 
copolamut  of  Falconer  and  Cautley;  and,  lastly,  a  large  cami- 
vorous  animal  of  the  genus  Maemrodut,  the  most  ancient  example  of 
which  in  Europe  occurs  in  the  Upper  Eocene  beds  of  Auvergne. 
The  turtles  are  referred  to  the  genua  Tettudo,  but  have  some  affinity 
to  Emyt.  On  the  whole,  this  formation  has,  I  believe,  been  correctly 
referred  by  American  writers  to  the  Eocene  period,  In  conformity 
with  the  classification  adopted  by  me,  but  would,  I  conceive,  be 
called  Lower  Miocene  by  those  who  apply  that  term  to  all  strata 
newer  than  the  Paris  gypsum. 

•  Darid  Dale  Omn,  0«oL  Sorr^  of  Wbcondn,  fte.:  ^miad.  I8S2. 
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CHAPTER  XVL 

lODDLB  ASa  LOVER  KOGENS  FORIUTIONB. 

Uiddle  Eocene  itrata  of  England — Flnrio-iiuriDe  lariee  in  the  ICe  of  'Wlgbt  mi 
Hampshire — SneceaiiTegranpa  of  Eocene  Mwnmuli* — Fomit  of  BaiUm  Claj'— 
Shelb,  nnrnmntita,  fiahea,  and  reptilei  of  the  Bagshot  and  Bracklesium  bedi— 
Lower  Eocene  Krata  of  England — Fonl  planti  and  ibelli  of  tha  Londoii  Ckj 
proper — Strata  of  Krwn  in  Suffolk — Foeail  uioakEj  and  opeanun — Plutk 
cUqra  and  landi — Ttuoet  landi — Middle  Eocene  fbnnationi  of  I^ance— 
Oypseoua  leriea  of  MoDtmarae  and  exiinct  gnadrnpedi — Calcaire  ^utmr^ 
Miliolitei — Lower  Eocene  in  Fnince — Nnmmnlitic  fonna^na  of  Enrope  and 
Aua — Their  wide  eMant — referable  to  die  Middle  Eocene  period — EoecM 
BCrata  u  the  Uniiecl  Stales— Section  at  Claiborne,  Alahanut  — Coloasal  cxtvxaa 
—  Orbitold  limestone — BOrrMone. 

The  BtnU  next  in  order  in  the  descending  seriea  are  those  which  I 
term  Middle  Eocene.  In  the  accompanying  map,  thB  poeitioo  of 
sevenU  Eocene  areas  is  pointed  out,  such  is  the  basin  of  the  Tbaaua. 

Flf.  ui. 
Mip  of  Ilia  principal  (wtlUT  buiu  of  Ika  Eoccna  pxlod. 


It  occuplsd  bj  McomUrj'  formiUaiit  from  tb«  Deronlw  or  oU  nd 

part  of  Hampshire,  part  of  the  Netherlands,  and  the  country  round 
Paris.  The  three  last-mentioned  areas  contain  some  marine  and 
freshwater  formations,  which  have  been  already  spoken  of  as  Upper 
Eocene,  but  their  superficial  extent  in  this  part  of  Europe  is  in- 
eignificant. 

KNaLIBH  KIDDLE  EOCENE  FOKKATIORS. 

The  following  table  will  show  the  order  of  succession  of  the  stmla 
found  in  the  Tertiary  areas,  commonly  called  the  London  and  Hsmp- 
Bhire  basins.    (See  also  Table,  p.  105.  et  teq.) 
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Tb 
A.      Henip«te«dbeda,laleofWig!)t,«oeaboTe,p.  193,  -  -     1 


R  1.  Bembridge  Serif*,— North  cout  of  Isle  of  Wight  -  -    I 

K  S.  Oibanie  or  St.  EeleD'i  Seriw,  —ibid. 
B.  3.  Headoo  8eriei,—lBle  of  Wight,  and  HoidwcU  Cliff,  EanU - 
&  i.  HeadoD  Hill  tandi  and  Butoa  Claf,  —UU  of  Wight,  and 

Buton  Cliff,  Hants  -  -  -  -  -    ■ 

ES.Bagsbot    and  BracUesham   Sands   and   Claya,  —  London 

uid  Hants  b»«jii«  -  ■  -  ■  -  -    ' 


Cl.  London  Cla7  proper  and  Bognor  beds, — London  and  Hants 

bttJBM     .----■■-    350  to  500 

C£.  nsstic   and  Mottled   Clajs   and  Sands  (Woolwich    and 

Reading  series), — London  and  Eonls  bssina       -  -     100 

C  3.  Ihanet   Sands,  —  Becolien,  Kent,   and    Eutem  part  of 

London  ba«in       -  -  -  -  -  -       90 

The  true  place  of  the  Bagstaot  sands,  B.  5.  in  the  above  serieei,  and 
of  the  Thtnet  sands,  C.  3,,  was  firat  accurately  ucertained  bj  Mr. 
Praetwich  in  1847  and  1852.  The  true  relative  position  of  the 
Hempstead  beds,  A.,  of  the  Bembridge,  B.  1.,  and  of  the  Osborne  or 
St  Helen's  series,  B.  2.,  were  not  made  out  in  a  satisfactorj'  manner 
tiU  Professor  Forbes  studied  them  in  detui  in  18S2. 

Bembridgt  Meriet,  B.  1.  —  These  beds  are  above  100  feet  thick, 
udgU  before  etkted  (p.  188.),  pass  upwards  into  the  Hempstead  beds, 
with  which  they  are  conformable,  near  Yarmouth,  in  thalsJe  of  Wight 
The?  consist  of  marls,  clays,  and  limestones  of  freshwater,  brackish, 
ud  marine  origin.  Some  of  the  most  abundant  shells,  as  Cyretia 
ttKUtriatavur^tni^Paluilina  Unto,  fig.  175.  p.  194.,  are  common  to 
thia  uid  to  the  overlTing  Hempstead  series.  The  following  are  the 
■ubdiTiiions  described  by  Professor  Forbes ;  — 

a  Upper  marla,  distingiushed  b;  the  abondance  of  Mdamia  tKrritiatima,  Forbes 
(fig-  ISi.). 

Fif.  US.  »(.  in. 


■&la<(  inrefuima,  FutocL  Fntn«a>  «*  CaniiKn  of  Trixmr- 

Bcmbridge.  Bsnbridgc  B<di,  lile  of  Wlgbt, 

i-  lower  mirl,  charaeteriied  by  CeriMtm  mubMe,  Cgrma  ptdchra,  Ac,  and 

t?  the  retaains  of  TVunyz  (see  fig.  1B3.> 
'■  Green  owls,  often  abounding  m  a  pecnliar  species  of  ouster,  and  accompanied 

V  CaiAia,  Mytili,  an  Area,  a  Ifaa^,  &c 
i  Bembriije  Dmeatonea,  compact  cnam-cokxired  limestones   alternating  with 
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■halaa  and  marii,  in  all  of  irlikh  Uod-dMlla  ue  commoii,  especuUj  it  Scata, 
new  Tanuontb,  uid  have  been  dMcribed  hj  Mr.  EdwaFdi.  Hu  JSkShw  (t 
lipftnit,  fig.  181^  and  HtUx  ooebaa,  fig.  iss!,  are  among  its  beat  known  laad- 


■liellB.      RJadina  orbinlarit,  Bg.  ISS. 
bwidg  is  filled  with  a  little  globular 


of  Ireqnenc  occonencc     One  of  tba 
Among  tho  freshwater  pnliDO- 


nifera,  If/mtita  imgaeala  (flg.188.)  and  Pbuiorbu  ductu  (fig.  1B7.)  ara  tbe 
meat  gencntUy  dlKriboled  :  (he  Iatl«r  Tepresenta  or  takes  the  place  of  the 
PlimorAu  tmmphaku  («ee  ^.  192.),  of  the  more  ancient  Headon  aciieib  Cttara 
tubtradala  (flg.  IBS.)  U  the  cbaracUrialic  Bembiidge  gjroguuite. 

From  this  fonnatioii  on  the  aboreB  of  WhitecUff  Ba^,  Dr.  MantBll 
obtuned  ft  fine  specimen  of  a  fan  palm,  FlaheUaria  LamationU, 
Brong.,  a  plant  first  obtained  irom  beds  of  corresponding  age  in  the 
suburl»  of  Paris.  The  well-luiown  building -stone  of  Binetead,  near 
R^de,  a  limestone  with  numerous  hollows  caused  by  Cj/reiue  which 
have  disappeared  and  left  the  moulds  of  their  shells,  belongs  to  this 
subdivision  of  the  Bembridge  series.  In  the  same  Binstead  stone  Mr. 
Pratt  and  the  Bev.  Darwin  Fox  first  discovered  the  remtuns  of  nam 
malia  characteristic  of  the  gypaeous  series  of  Paris,  as  P<^aothtrimm 
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"I-  ISO-  t»affimm,(6g.  191.)  P.  vudium,  P.  mintu,  P.  taimi- 

tntmt,  P.  eurtutti,  P.  ertutunt ;  ftlso  Anoplotherium 
eoni)n«ntf  (fig.190.),  A.  teetmdarivm,  Diehobunt 
eervinum,vaA  Ckaropotatnut  CtivierL  The  geous 
Faleothere,  above  alluded  to,  resembled  the  living 
Upir  in  the  form  of  the  head,  and  in  hAving  a 
abort  proboscis,  but  its  molar  teeth  were  more  like 
those  of  the  rhinoceros  (see  fig.  190.).    Paltotke- 

rium  magmim  was  of  the  eize  of  a  horse,  three  or 

'st.  biTofWifhi. '  f*>*"'  f^^^  high.     The  annexed  woodcut,  fig.  191., 
is  one  of  the  restorations  which  Cuvier  attempted  of  the  outline  of 


the  liTing  animal,  derived  from  the  study  of  the  entire  skeleton.  Ab 
the  Tertical  range  of  particular  species  of  quadrupeds,  so  far  as  our 
knowledge  extends,  is  far  more  limited  than  that  of  the  testacea ; 
the  occurrence  of  so  many  species  at  Binstead,  agreeing  with  fossils 
of  thi>  Paris  gjpsum,  strengthens  the  evidence  derived  from  shells 
ud  plants  of  the  syncbroniBm  of  the  two  formations. 

Osbome  or  SL  ffelen't  leriet,  B.  2.  —  This  group  is  of  fresh  and 
brackish-water  origin,  and  very  variable  in  mineral  character  and 
thickoess.  Near  Ryde,  it  supplies  a  freestone  much  used  for  building, 
ud  called  by  Prof  Forbes  the  Nettlestone  grit.  In  one  part  rlpple- 
oirked  flag-atones  occur,  and  rocks  with  fucoidal  markings.  The 
Odbome  beds  are  distinguished  by  peculiar  species  of  Palitdina,  Me- 
loMa,  and  Melanoptii,  as  also  of  Cyprit  and  the  seeds  of  Chara. 

Btadon  tenet,  B.  3. —  These  beds  are  seen  both  at  the  east 
>od  west  extremities  of  the  Isle  of  Wight,  and  also  in  Hordwell 
Cliffs,  Hants.  Everywhere  i^anorbit  euomphalus,  fig.  192.,  charac- 
•^fiiea  the  freshwater  deposita,  juat  as  the  allied  form,  P.  diactu, 
H-  1ST.,  does  the  Bembridge  limeatone.  The  brackish- water  beds 
TOntsin  Potomojn}/a  plana,  Ceritkium  jnulahile,  and  C.  emctum 
1^.14.  p.  30.),  and  the  marine  beds  Ventu  (or  Cytherea')  ineratxata, 
*  ipedes  common  to  the  Limburg  beds  and  Gr^s  de  Fontainebleau, 
I"  the  Upper  Eocene  series.     The  prevalence  of  salt-water  remains 
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is  moit  conapicnoni  in  some  of  the  central  parts  of  the  formiitioii. 
Mr.  T.  Webster,  ia  bis  able  memoira  on  the  Isle  of  Wight,  first 


aep&rafed  the  whole  ioto  a  lower  freihwkter,  an  npper  marine,  and  an 
upper  fVeshwater  diFiaion. 

Among  the  Bhella  which  are  widely  distribnted  through  the  HeadM 
series  are  JVerirtno  coneava,  (flg.194.),  Lymnea  cavdata  (fig,  195.),  and 
Ctritkivm  coneavum  (flg.  196.).  Belix  tabj/riMhiea,  EJay  (fig.  I93.> 

Kt-m.  nt-itt.  Fif.M. 


"fins;.' 


a  land-shell  now  inhabiting  the  United  StAtes,waa  discovered  in  this 
series  hj  Mr.  Wood  in  Hordwell  Clifl'.  It  is  also  met  with  in  Headon 
Hill,  in  the  eune  beds.  At  Sconce,  in  the  Isle  of  Wight,  it  ocean 
in  the  newer  Bembridge  series,  and  afibrds  a  rare  example  of  an 
Eocene  fossil  of  a  species  still  living,  though,  as  usual  in  sach  cases, 
having  no  local  connexion  with  the  actual  geographical  range  of  the 
speues. 

The  lower  and  middle  portion  of  the  Headon  series  is  also  met 
with  in  Hordwell  CUff  (or  Hordle,  as  it  is  often  spelt),  near  Ly- 
mington,  Hants,  where  the  organic  remuns  have  been  studied  by  Mr. 
Searles  Wood,  Dr.  Wright,  and  the  Marchioness  of  Hastings.  To  the 
latter  we  are  indebted  for  a  detuled  section  of  the  beds',  as  \rell  as 
for  the  discovery  of  a  variety  of  new  species  of  fosril  mammalia, 
cLeloniaos,  and  fish  ;  also  for  first  calling  attention  to  the  important 
fact  that  these  vertebrala  differ  specifically  from  those  of  the  Bem- 
bridge beds.  Among  the  abundant  shells  of  Hordwell  are  Paltidi»a 
lenta  and  various  species  of  Lymneut,  Planorbu,  Melania,  Cjfeltu,  and 
Unio,  Fotomomya,  Dreuima,  &c 

•  BoUetm  Soc.  dioL  d«Fru«e,  ISSS,  p.  191. 
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Among  the  GhelonuuoB  ire  find  a  species  of  £mj/t,  and  do  less  than 
six  species  of  Triotqfx;  among  tita  ssurisns  ut  alligator  and  a 
crocodile;  among  the  ophidians  two  species  of  land-snakes  (Pa- 
Uryx,  Owen) ;  and  among  the  fish  Sir  P.  Egerton  and  Mr,  Wood 
have  found  the  jaws,  teeth,  and  hard  shining  scales  of  the  genus 
Lepido$Utt»  or  bony  pike  of  the  American  rivers.  This  same  genus 
of  freshwater  ganoids  has  also  been  met  with  in  the  Hempstead  beds 
in  the  Isle  of  Wight.  The  bones  of  severU  birds  have  been  ob- 
tained from  Hordwell,  and  the  remains  of  qnadrupeds.  The  latter 
belong  to  the  genera  PahplotAerium  of  Owen,  AnoploAerium, 
AiUkraeolherium,  Dic&odon  of  Owen  (a  new  genus  discovered  hj 
Ur.  A.  H.  Falconer^  Dichobvtie,  Spalacodon,  and  Hjfortodon.  The 
latter  ofierg,  I  believe,  the  oldest  known  example  of  a  true  comi- 
Torons  mammal  in  the  series  of  British  fossils,  althongh  I  attach  Tory 
little  theoretical  importance  to  the  fact,  becanse  herbivorous  species 
are  those  most  easily  met  with  in  a  fossil  state  in  all  save  cavern 
deposits.  In  another  point  of  view,  however,  this  fauna  deserves 
notice.  Its  geolc^cal  position  ia  considerably  lower  that  that  of  ttie 
fiembridge  or  Montmartre  beds,  from  which  it  differs  almost  as  much 
in  species  as  it  does  from  the  still  more  ancient  fauna  of  the  Lower 
Eocene  beds  to  be  mentioned  in  the  sequeL  It  therefore  teaches  ns 
what  a  grand  succession  of  distinct  assemblages  of  mammalia  flou- 
rished on  the  earth  during  the  Eocene  period. 

Many  of  the  marine  shells  of  the  brackishwater  beds  of  the 
above  series,  both  in  the  Isle  of  Wight  and  Hordwell  Cliff,  are 
common  to  the  nnderlying  Barton  clay;  and,  on  the  other  hand,  there 
ue  some  freshwater  sheila,  such  as  Ci/r«na  ahovata,  which  are 
common  to  the  Bembridge  beds,  notwithstanding  the  intervention  of 
the  Sl  Helen's  series.  The  white  and  green  marls  of  the  Headon 
aeries,  and  some  of  the  accompanying  limestones,  of^en  resemble  the 
Eocene  strata  of  France  in  mineral  character  and  colour  in  so 
fltrikiug  a  manner,  as  to  suggest  the  idea  that  the  sediment  was 
derived  &om  the  same  region  or  produced  contemporaneously  under 
very  similar  geographical  circumstances. 

Both  in  HordweU  Cliff  and  in  the  Isle  of  Wight,  the  Headon  beds 
rest  on  white  sands,  the  upper  member  of  the  Barton  series,  B.  4., 
next  to  be  mentioned, 

HeadoH  BUI  $andt  and  Barton  clay,  B.  4.  (Table,  p.  209.)  — 

)ni'  in.       In  one  of  the  upper  and  sandy  beds  of  this  formation 

Dr.  Wright  found  Chama  tquamosa  in  great  plenty. 

The  same  sands  contain  impressions  of  many  marine 

shells  (especially  in  Whitecliff  Bay)  common  to  the 

I  upper  Bagshot  sands  afterwards  to  be  described.     The 

mderlying  Barton  clay  has  yielded  about  209  marine 

shells,  more  than  half  of  them,  according  to  Mr.  Frest- 

wich,  peculiar ;  and  only  eleven  common  to  the  London 

^  elayprc^ier,  (C.l.  p.  209.,)  being  in  the  proportion  of  only 

6  per  cent.     On  the  other  hand,  70  of  them  agree  with 

the  shells  of  the  eakain  grouier  of  France.    It  is  nearly  a  century 
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eioce  Brander  published,  in  1766,  an  account  of  tiie  organic  remuns 
collected  from  these  Barton  and  Hordwell  cliffe,  and  bis  excdleot 
figures  of  the  shells  then  deposited  in  the  British  Muaenm  are  jnstlj 
admired  hy  conchologists  for  their  accuracy'. 

SHELLS  or  THE  BABTOR  CLAT,   HAKTS. 

Certain  foramioifera  called  Kammalites  b^n,  when  ve-  stadj 
the  tertiary  formations  in  a  descending  order,  to  make  their  fint 
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appearance  in  these  Barton  beds.  A  small  spedes  called  IfummtdiUi 
variotaria  is  found  both  on  the  Hampshire  coast  and  in  beds  of  the 
same  ^e  in  Whitecliff  Bajr,  in  the  Isle  of  Wight.  Several  marine 
shells,  such  as  Corbula  pitum,  are  common  to  the  Barton  beds  and 
the  Hempstead  or  Upper  Eocene  series,  and  a  still  greater  number, 
as  before  stated,  are  common  to  the  Headon  series. 

Bagxhot  and  Brackleiham  beds,  B.  5. — TheBagahot  beds,  consisting 
chteflj  of  siliceous  sand,  occupy  extensive  tracts  round  Bagshot,  in 
Surrey,  and  in  the  New  Forest,  Hampshire.  They  may  be  separated 
into  three  divisions,  the  upper  and  lower  consisting  of  light  yellow 
sands,  and  the  central  of  dark  green  sands  and  brown  clays,  the  whole 
reposing  on  the  London  clay  proper.*  The  uppermost  division  is 
probably  of  about  the  same  age  as  the  Barton  series.     Although 

*  Prvtwicfa,  QnarL  OooL  Jmun.  voL  lii  p>  3B&, 
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the  Bagshot  beds  &re  usually  devoid  of  foBsils,  they  contain  marine 
shells  in  some  places,  among  which  Venericardia  pUaneotta  (see  flg. 


CtrHUfliBiicotu,  Dnliari 


206.)  ig  abandant,  with   TwriteUa  tulei/fra  and  NvmmuUlet  lavu 
jato.    (See  fig.  210.  p.  216.). 

AtBracklesham  Baj,  near  Chichester,  in  Sussex,  the  characteristic 
shells  of  this  member  of  the  Eocene  series  are  best  seen ;  among 
othera,  the  huge  Cerithium  gigantevm,  BO  conspicuous  in  the  calcaire 
growier  of  Paris,  where  it  is  sometimes  2  feet  in  length.  The 
Tolates  and  cowries  of  this  formatiou,  as  well  aa  the  lunulites 
and  corals,  seem  to  favour  the  idea  of  a  warm  climate  having  pre- 
"iled,  which  is  borne  out  by  the  discovery  of  a  serpent,  PalaopkiM 
tspiaiu  (see  fig.  207.),  exceeding,  according  to  Prof.  Owen,  20  feet 


in  length,  and  allied  in  its  osteology  to  the  Boa,  Python,  Coluber,  and 
Hydnia.  The  compressed  form  and  diminutive  aiie  of  certain  caudal 
^ntebne  indicate  bo  much  analogy  with  Hjdrua  as  to  induce  the 
HuDterisD  profeBsor  to  prononoce  this  extinct  ophidian  to  have  been 
"■•riiie.*  He  had  previoaBly  combated  with  much  aucceee  the  evi- 
dence  advanced  to  prove  the  existence  in  the  Northern  Ocean  of 
^■■ge  tea-serpents  in  our  own  times,  but  he  now  contends  for  the 
former  eiiitence  in  the  British  Eocene  seas,  of  less  gigantic  terpenta, 

*  FalMont.  Soc  Monograph.  Kept  pL  U.  p.  61. 
r  4 
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when  the  climftte  wbs  probably  more  genial;  for  amoogat  the  com-' 
panions  of  the  eea-soake  of  Brackleahom  waa  an  extinct  GaTi&l 
(  Gavialis  Dixoni,  Owen),  and  numeroua  fish,  such  as  now  frequent 
the  seas  of  warm  latitudes,  as  the  sword-fish  (see  fig.  208.^  and 
gigantic  rays  of  the  genus  Myliobatet  (see  flg.  209.). 


The  teeth  of  sharks  also,  of  the  genera  Carcharodon,  Olodtu,  1 
GaUocerdo,  and  others,  are  abundant.    (See  figs.  211, 212,  213, 214.) 


Twlb  otihuU  fwBi  BncklBihHn  B.j. 

The  Nvmmulitei  Ueviffata  (aee  fig.  210.),  go  characteristic  of  the  lower 
beds  of  the  ealcaire  grossier  in  France,  where  it  aametimes  forms 
Btonj  layers,  as  near  Compiegne,  is  very  common  at  Bracklesham,  toge- 
ther with  iVi  teabra  and  N.variolaria.  Outof  193speciesof  testacea 
procured  from  the  Bagshot  and  Bracklesham  beds  in  England,  126occur 
in  the  ealcaire  grossier  in  France.  It  was  clearly  therefore  coeval  with 
that  part  of  the  Parisian  series  more  nearly  than  with  any  other. 
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LOWXB  EOCENE  rOKUATIONB  OF  ENGI.Ui'D. 

Zotidon  Clay  proper  {C.  1.  Table,  p.  209.) This  foimationimder- 

lies  tbe  preceding,  and  coQaistB  of  tenacious  brown  and  bluiah-gra; 
clay,  with  layers  of  concretiona  called  septaria,  which  abound  chiefly 
in  tbe  brown  day,  and  are  obtained  in  sufficient  numbers  from  sea- 
clifi^  near  Harwich,  and  from  ehoab  off  the  Essex  coast,  to  be  used 
for  making  Roman  cement.  The  principal  localities  of  fossib  in  the 
London  clay  are  Highgate  Hill,  near  London,  the  island  of  ^eppejr. 
and  Bognor  in  Hampshire.  Out  of  133  fossil  shells,  Mr.  Frestwich 
found  only  20  to  be  common  to  the  calcaire  groesier  (from  which  600 
species  bare  been  obtuned),  while  33  are  common  to  the  "  Lits  Co- 
qoiUiers  "  (p.  229.),  in  which  only  200  species  are  known  in  France. 
We  may  presume,  therefore,  that  the  London  clay  proper  is  older 
than  the  calcaire  grossier.  This  may  perhaps  remove  a  difficulty 
which  i/L  Adolphe  Brongniart  has  experienced  when  comparing  Iht 
Eocene  Flora  of  the  neighbourhoods  of  London  and  Paris.  The 
fossil  species  of  the  island  of  Sheppey,  he  observes,  in<Ucate  a  much 
more  tropical  climate  than  the  Eocene  Flora  of  France.  Now  the 
latter  has  been  derived  principally  from  the  gypseous  series,  and  resem- 
bles the  vegetation  of  the  borders  of  the  Mediterraneaii  rather  thaa 
that  of  on  equatorial  region ;  whereas  the  older  tiora  of  Sheppey 
belongs  to  an  antecedent  epoch,  separated 
from  the  period  of  the  Paris  gypsum  by 
all  the  calcaire  grossier  and  Bagshot  series  — 
in  short,  by  tbe  whole  nommulitic  formatioii 
properly  so  called. 

Mr.  Bowerbank,  in  a  valuable  publication 
on  the  fossil  fmits  and  seeds  of  the  island  of 
Sheppey,  near  London,  has  described  no  less 
than  thirteen  fruits  of  palms  of  the  recent 
type  Ifipa,  now  only  found  in  the  Molucca 
and  Philippine  islands  and  in  Bengal  (see 
fig,  220.).  In  the  delta  of  the  Ganges,  Dr. 
Hooker  observed  the  large  nuts  of  Mpa 
frutieam  floating  in  such  numbers  in  the 
various  arms  of  that  great  river,  as  to  obstruct  the  paddle-wheels  of 
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steam-boats.  These  pUntB  are  allied  to  tbe  cocoa-nut  tnbe  on  the  one 
side,  and  on  the  other  to  tbe  Pandamu,  or  screw-pine.  The  froiti 
of  other  palms  besides  those  of  the  cocoa-nut  tribe  are  abo  met  with 
in  the  clay  of  Sheppe^f ; '  also  three  species  of  Anona,  or  custard 
apple ;  and  cncnrbitaceons  fruits  (of  the  gourd  and  melon  family)  are 
in  considerable  abundance.  Fruits  of  various  species  of  Aeama  are  in 
profusion,  and  these,  although  less  decidedljr  tropical,  imply  a  warm 
climate. 

The  contiguity  of  land  may  be  inferred  not  only  from  these  vege- 
table productions,  bat  also  from  the  teeth  and  bones  of  crocodiles  and 
turtles,  since  these  creatures,  as  Dr.  Conybeare  has  remarked,  mnst 
hare  resorted  to  some  shore  to  lay  their  eggs.  Of  turtles  there  wete 
nnmerous  spe<ues  referred  to  extinct  genera.  These  are,  for  the  most 
part,  not  equal  in  sise  to  the  largest  living  tropical  turtles.  A  sea- 
snake,  which  must  have  been  13  feet  long,  of  the  genus  Palmophii 
before  mentioned  (p.  215.),hB8  also  been  described  by  Prof.  Owen  from 
Sheppey,  of  a  difierent  species  from  that  of  Bracklesham.  Atmecroco- 
dile,  a\so,Crocodilni,  toUapicv*,  and  another  saurian  more  nearlyallied 
to  the  gavial,  accompany  the  above  fossils;  also  the  relics  of  several 
birds  and  quadrupeds.  One  of  these  last  belongs  to  the  new  genus 
Hyraeotherium  of  Owen,  allied  to  the  Hyrax,  Hog,  and  ChierDpo- 
tamus  1  another  is  a  Lophiodon;  a  third,  a  pachyderm  called  Cory- 
phodoti  eoeemut  by  Owen,  larger  than  any  existing  tapir.  All  thess 
animals  seem  to  have  inhabited  the  banks  of  the  great  river  which 
joated  down  the  Sheppey  fruits.  They  imply  the  existence  of  a 
mammiferous  fanna  antecedent  to  the  period  when  nnmmuUtea 
floarished  in  Europe  and  Asia,  and  therefore  before  the  Alpn, 
I^renees,  and  other  mountain-chains  now  forming  the  backbones  of 
great  continents,  were  raised  from  the  deep ;  nay,  even  before  a  part 
of  the  constituent  rocky  masses  now  entering  into  the  central  ridges 
of  these  chains  had  been  deposited  in  the  sea. 

Tlie  marine  shells  of  the  London  clay  confirm  the  inference  de- 
rivable from  the  plants  and  reptiles  in  favour  of  a  high  temperature. 
Thus  many  species  of  Conu»  and  Valuta  occur,  a  large  Qfpnea, 
C.  oviformit,  a  very  large  RotleBaria,  (fig.  223.),  a  species  of  Caitetl- 
laria,  six  species  of  Natttilta  (fig.  325.),  besides  other  cephalopoda 
of  extinct  genera,  one  of  the  most  remarkable  of  which  is  the 
Belotepia.'  (fig.  226.)  Among  many  characteristic  bivalve  shells  ars 
Leda  amygdaloidet  (fig.  227.)  and  Axinut  angulatm  (fig.  228.),  and 
among  the  Radiata  a  star-fish  called  Astropeclen  (fig.  22y.). 

These  fossils  are  accompanied  by  a  sword-fish  {^Tetrapterut pris- 
CVS,  Agassiz),  about  8  feet  long,  and  a  saw-fish  (Prittit  bittttcatui, 
Ag.\  about  10  feet  in  lengtb  ;  genera  now  foreign  to  the  Briciib 
seas.  On  the  whole,  no  less  than  50  species  of  fish  have  been  de- 
scribed by  M.  Agassiz  firom  these  beds  in  Sheppey,  and  they  indicate, 
in  his  opinion,  a  warm  climate. 
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Strata  of  Kyton  in  Suffolk.  —  At  Ejson,  a  few  milee  east  of 
Woodbridge,  a  bed  of  £ocene  claj,  12  feet  thick,  underlies  the  red 
oag.  Beneath  it  is  a  deposit  of  yellow  and  white  sand,  of  con- 
ridetible  interest,  in  consequence  of  manj  peculiar  fossils  contained 
in  it    Its  geological  position  is  probably  the  lowest  part  of  the 
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London  cUy  proper.     In  this  sand  has  been  found  the  first  exainpk 

of  m  fouil  qnadrununons  animal  discovered 

"*'  *"*'  in  Great  Britain,  namely,  the  teeth  and  part 

OA  dt^     "^  "  ^^^'  '^"^^  ^1  Prof.  Owen  to  belong 

^^  to  a  monkej'  of  the  genos  Maeaeu*  (see  fig. 

MnUr  ormoDkiT  (MawMj.      ^SO.).     The  mammiferouB  fossils,  first  met 

with  in  the  same  bed,  were  those  of  an 

opossum  {Didelphyi)  (see  fig.  231.),  and  an  insectiTorons  bat  (Bg. 

232.),  tc^ther  with  man;  teeth  of  flshea  of  th«  shark   family. 

Mr.  Colchester  in    1840  obtained  other 

A       mammalian   relics    from   Kjson,    among 

B       which  Prof.  Owen  has  recogiuied  several 

H       teeth  of  the  genus  HyraeotheriMM,  and 

0       the  vertebre  of  a  large  serpent,  probablj 

a  I'aheopku.     As  the  remains  both  of 

''°^****SiKT™''"''™™'tl>e  HyrtKOtherium  and  FaiteophU  were 

_    j^  afterwards  met  with  in  the  London  clay, 

_  as  before  remarked,   these   fossils   con- 

Afc  vA  firmed  the  opinion  previoasly  entertained, 

^^  W\  that  the  Kyson  sand  belongs  to  the  Eocene 

W*  period.     The  Miicaeta,    therefore,  con- 

lIoi«  oriBMctimnnii  tun.       stitates  the  first  eKample  of  any  qnadru- 

Fiwl^uDi  suftiik.  manoua  animal  occurring  in  strata  so  old 

as  the  Eocene,  or  in  a  spot  so  far  from  the 

equator  ae  lat.  52°  N.  It  was  not  until  after  the  year  1836  that  the 

existence  of  any  fossil  quadrumana  was  brought  to  light.     Since  that 

period  they  have  been,  discovered  in  France,  India,  and  BraziL 

Pliutie  or  molded  elayt  and  landi  (C.  2.  p.  209.).— Tho  clays 
called  plastic,  which  lie  immediately  below  the  London  clay,  received 
their  name  originally  in  FVance  from  beiag  often  used  in  pottery. 
Beds  of  the  same  age  (the  Woolwich  and  Beading  series  of  Prest- 
wicb)  are  used  for  the  like  purposes  in  EnglaDd.f 

No  formations  can  be  more  dissimilar  on  the  whole  in  mineral  cha- 
ract«r  than  the  Eocene  deposits  of  England  and  Paris ;  those  of  our 
own  island  being  almost  exclusively  of  mechanical  origin, — accumu- 
lations of  mud,  sand,  and  pebbles ;  while  in  the  neighbourhood  of 
Paris  we  find  a  great  succession  ef  strata  composed  of  limestones, 
some  of  them  riliceous,  and  of  crystalline  gypsum  and  siliceous  sand- 
stone, and  sometimes  of  pure  flint  used  for  miUstonea.  Hence  it  is  by 
no  means  an  easy  task  to  institute  an  exact  comparison  between  the 
various  members  of  the  English  and  French  series,  and  to  settle 
their  respective  ^es.  It  is  clear  that,  on  the  utes  both  of  Paris  and 
Loudon,  a  continual  change  was  going  on  in  the  fauna  and  flora  by 
the  coming  in  of  new  species  and  the  dying  out  of  othera;  and 
contemporaneous  changes  of  geographical  conditions  were  also  in 
progress  in  consequence  of  the  rising  and  sinking  of  the  land  and 
bottom  of  the  sea.     A  particular  subdivision,  therefore,  of  time  was 
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oectsioiiftllyrepresentedinoneare&by  land,  in  another  b^  on  eatosry, 
m  ft  third  bj  the  bcb,  mnd  even  where  the  conditions  were  in  both 
wtM  of  a  marine  character,  there  was  oAeu  shallow  water  in  one, 
and  deep  sea  in  another,  producing  a  want  of  agreement  in  the  state 
of  inimal  life. 

But  is  regard  to  that  diyiaion  of  the  Eocene  series  which  we  have 
DOW  nnder  considera^on,  we  find  an  exception  to  the  general  rule, 
for,  whether  we  atndy  it  in  the  buins  of  London,  Hampshire,  or 
Paris,  we  recognize  everywhere  the  same  mineral  character.  This 
amformitj  of  aspect  mu«t  be  seen  in  order  to  be  fuUy  appreciated, 
since  the  beds  consist  simply  of  sand,  mottled  clays,  and  well-rolled 
flint  pebbles,  derived  from  the  chalk,  and  varying  in  sice  from  that  of 
a  pea  to  an  ^g.  These  strata  may  be  seen  in  the  Isle  of  Wight 
in  contact  with  the  chalk,  or  in  the  London  basin,  at  Reading, 
filackheath,  and  Woolwich.  In  some  of  the  lowest  of  them,  banks  of 
oysters  are  obserred,  consisting  of  Ot&ta  bellot>aeina,  so  common 
in  France  in  the  same  relative  pOMtion,  and  Oitrea  eduUna,  scarcely 
dittii^uhable  from  the  living  eatable  species.  In  the  same  beds  at 
Bromley,  Dr.  Buokland  found  one  large  pebble  to  which  five  fnll- 
grown  oysters  were  affixed,  in  snch  a  manner  as  to  show  that  they 
had  ooomtenced  their  first  growth  upon  it,  and  remwned  attached  to 
it  diroogh  life. 

lo  several  places,  as  at  Wmdwich  on  the  Thames,  at  Newhaven  in 

Sossez,  and  elsewhere,  a  mixture  of  marine  and  &eahw&t«r  testacea 

distinguishes  this  member  of  the  series.     Among  the  Utter,  Melania 

HjioMla  (see  fig.  234.)  and  Cyrttta  ama/ormit  (see  fig.  233.)  ara 

ns.'«.  Pii-M. 


God.  Itetimlaiofi^aU.D*:    Vt-ta*. 

'sry  common,  as  in  beds  of  corresponding  age  in  France.  They 
'^'*«rly  indicate  points  where  rivers  entered  the  Eocene  sea.  Usually 
there  is  a  mixture  of  brackish,  freshwater,  and  marine  shells,  and 
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Bometlmea,  U  a.t  Woolwich,  proofs  of  the  river  and  the  sea  hariag 
succesaiyely  preTvled  on  the  same  spot.  At  New  Cbarlton,  in  the 
eubnrba  of  Woolwich,  Mr.  De  la  Condamine  discovered  in  1849,  and 
pointed  out  to  me,  a  layer  of  eand  associated  with  well-rounded  fliat 
pebbles  in  which  numerous  individuals  of  the  Q/rena  tellineUa  were 
seen  standing  endwise  with  both  their  ralTes  united,  the  poeteritv 
extremity  of  each  shell  being  uppermost,  as  would  happen  if  the 
moUusks  had  died  in  their  nattmd  position.  I  haTe  described*  ■ 
bank  of  sandy  mud,  in  the  delta  of  the  Alabama  river  at  Mobile,  on 
the  borders  of  the  Gulf  of  Mexico,  where  in  1846  Z  dug  out  at  low 
tide  specimens  of  living  species  of  Ct/rena  and  of  a  Gnathodon,  which 
were  similarly  placed  with  their  shells  ereot,  or  in  a  position  which 
enables  the  animal  to  protrude  its  siphon  upwards,  and  draw  in  x 
reject  water  at  pleasure.  The  water  at  Mobile  is  usually  fresh,  but 
sometimes  bractdah.  At  Woolwich  a  body  of  river-water  must  have 
flowed  permanently  into  the  sea  where  the  Cyreita  lived!,  and  they 
may  have  been  killed  suddenly  by  an  influx  of  pure  salt  water,  wbidi 
invaded  the  spot  when  the  river  was  low,  or  when  a  subsidence  of 
land  took  place.  Traced  in  one  direction,  or  eastward  towards 
Herne  Bay,  the  Woolwich  beds  assume  more  and  more  of  a  marine  cha- 
laeter ;  while  in  an  opposite,  or  soulh-weetem  direction,  they  become, 
as  near  Chelsea  and  other  places,  more  freshwater,  and  contain  {7mm, 
Paludina,  and  layers  of  lignite,  so  that  the  land  dnuned  by  the  ancient 
river  seems  clearly  to  have  been  to  the  south-west  of  the  present  site 
of  the  metropolis. 

Before  the  minds  of  geologists  bad  become  familiar  with  the 
theory  of  the  gradual  sinking  of  land,  and  its  conversion  into  sea 
at'difierent  periods,  and  the  consequent  change  from  shallow  to  de^ 
water,  the  freshwater  and  littoral  character  of  this  inferior  groap 
appeared  strange  and  anomalous.  After  passing  through  hundreds  of 
feet  of  London  clay,  proved  by  its  fossils  to  bsve  been  deposited  in 
deep  salt  water,  we  arrive  at  beds  of  fluviatite  origin,  and  in  the 
same  underlying  formation  masses  of  shingte,  attaining  at  Black- 
heath,  near  London,  a  thickness  of  50  feet,  indicate  the  proximity  of 
land,  where  the  flints  of  the  chalk  were  rolled  into  sand  and  pebbles, 
and  spread  continuously  over  wide  spaces.  Such  shingle  always 
appear  at  the  bottom  of  the  series,  whether  in  the  Isle  of  Wight,  <x 
in  the  Hampshire  or  London  basins.  It  may  be  asked  why  they  did 
not  constitute  simply  narrow  littoral  zones,  such  as  we  might  look 
for  on  an  ancient  sea-shore.  In  reply,  Mr.  Prestwich  has  suggested 
that  such  zones  of  shingle  may  have  been  slowly  formed  on  a  lai^ 
scale  at  the  period  of  the  Thanet  sanda  (C.  3.  p.  209.),  and  while  tbe 
land  was  sinking  the  well-rolled  pebbles  may  have  been  dispersed 
simultaneously  over  considerable  areas,  and  exposed  during  gradoal 
submergence  to  tbe  action  of  the  waves  of  the  sea,  uded  occauonallj 
by  tidal  currents  and  river  floods. 

Thanet  landa  (C.  3.  p.  209.).— The  mottled  or  plastic  clay  of  the 

*  Second  Tiiit  to  the  TJoited  States,  toL  ii.  [k  104. 
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Itle  of  Wight  uid  Hampshire  b  oRea  Beeo  in  actual  contact  with 
the  chalk,  coDstitndng  in  anch  places  the  loTrest  member  of  the 
British  Eocene  series.  Bnt  in  other  points  another  fonhation  of 
mariae  origin,  characterited  hj  a  somewhat  different  assemblage  of 
OTgtnic  remuns,  has  been  shown  b7  iir,  Freetwich  to  intervene 
between  the  chalk  and  the  Woolwiob  series.  For  these  beds  he  has 
pnipoaed  the  name  of  "  Thaoet  Sanda,"  beeanse  the^  are  well  seen  in 
the  Isle  of  Thanet,  in  the  northem  part  of  Kent,  and  on  the  sea^coast 
between  Heme  Baj  and  the  Beculvera,  where  thejr  consist  of  sands 
with  a  few  concretionary  masses  of  sandstone,  and  contain  among 
other  fossils  Plu^adomya  tmntata,  Cyprina  MorritU,  Corbula  longi- 
Tottru,  Sealaria  Bowerbattkii,  &e.  Hie  greatest  thickness  of  these 
beds  is  about  90  feet. 

TBxircH  immLE  sockhx  rottUATioits. 

OKMXiUX  IISLK  OF  FBBNCH  XOCKNX  BTBATA. 
A.      UFFHB  EOCESB  (ZoECT  MiMtue  qftKOHjl  FrOKh  (ulAorf). 
Bstlllh  Equtllluu. 

A.  Cdeain  de  la  Bcaoee,  or  upper  £reib-  -i 

water,  are  p>  18S.,  and  Gr^(  de  Fon-  (.  Hampstwd  aeriea,  tea  p.  isa. 
uiuebleau,  &c.  J 


1.  07„«>»  «rtai  «,a  MdJI.  W..  J  j„^jj,  , 


IT  caksira  lacnMre  mojan. 
a-LCkaha  dlie^  (in  pW  wn»m-  ,j^,^     p^   of     the    Bcmbridge 
ponDeoBi    with     the    aacceeding  >      Kt'wM, 
group?)  J 

r  OiDonieaenea,andnpperaiidiniddle 
a.  a.  aTEidcBeancluuiip,orSabUaMoTeii«.  J       P""  of  Headon  taim,  lale   of 
I      Wight. 

B.  *.  tipper   Calcai™  G««ier  (Cail«e)  1  =^.  f"  f^^BT°"l^^ 
^MiadloCdcain.Qro»ler.  |      a«A«  «.d  p«t  rf  B«.kiaah«» 

B.I.  I^er   Caleaire  Grower   or   GUu- i  ^^^ 

conic  GroasiSre.  t  ™»="™™"  ""^ 

I  Lmrer  Bagahot    Intennediate  in  age 
Sana  or  litacoqniUiera.  }     betweea  tbe  Bnckleaham  beda  and 
(     London  Claf 


O.  Aigilg  plaatiqaB  et  lignite. 

The  tertiar7  formations  in  the  neighbourhood  of  Paris  consist  of  a 
series  of  marine  and  freshwater  strata,  alternating  with  each  other, 
and  filling  up  a  depression  in  the  chalk.  The  area  which  they 
occnlQ-  has  been  called  the  Paris  basin,  and  is  about  180  miles  in  its 
greatest  length,  from  north  to  south,  and  abont  90  miles  in  breadth 
frwn  east  to  west  (see  Map,  p.  196.).  MM.  CuTier  and  Brongniart 
•ttempted,  in  1810,  to  diatingnish  five  different  groups,  comprising 
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three  fraBhwater  aad  two  mariDe,  which  were  supposed  to  impl^  that 
the  waters  of  the  ocean,  aod  of  rivera  and  lakes,  had  been  by  turns 
admitted  into  and  excluded  from  the  some  area.  InvestigatioDS 
since  made  in  the  Hampshire  and  London  bauns  have  ratlier  tended 
to  confirm  these  views,  at  least  so  far  u  to  show,  that  since  the 
commencement  of  the  Eocene  period  there  have  been  great  move- 
ments of  the  bed  of  the  sea,  and  of  the  adjoining  lands,  and  that  the 
superposition  of  deep  sea  to  shallow  water  depoeits  (the  Load<» 
clay,  for  example,  to  the  Woolwich  beds)  can  only  be  explained  by 
leferring  to  such  movements.  NeTertbeless,  it  appears,  from  the 
researches  of  M.  Constant  Frerost,  that  some  of  the  alt«mati<ntB  and 
intermixtures  of  freshwater  and  marine  deposits,  in  the  Puis  baain, 
may  be  accounted  for  by  imagining  both  to  have  been  simnltaneoosly 
in  progress,  in  the  same  bay  of  the  same  sea,  or  a  gulf  into  which 
many  rivers  entered. 

To  enlai^  on  the  numerous  subdivisions  of  the  Parisian  strata, 
would  lead  me  beyond  my  present  limits;  I  shall  therefore  give 
some  examples  only  of  the  most  important  formations  enumerated  in 
the  foregoing  Tabl^  p.  223. 

Beneath  the  Upper  Eocene  or  "  Upper  marine  sands,"  A,  already 
spoken  of,  (p.  195.),  we  find,  in  the  neighbourhood  of  Paris,  a 
series  of  white  and  green  marls,  with  aiibordinate  beds  of  gypsam,  B. 
These  are  most  largely  developed  in  the  central  parts  of  the  Paris 
basin,  and,  among  other  places,  in  the  Hill  of  Montmartre,  where  its 
fossils  were  first  studied  by  M.  Cnvier. 

The  gypsum  quarried  there  for  the  manufacture  of  plaster  of  Paris 
occurs  as  a  gnmntar  crystalline  rock,  and,  together  with  the  associated 
marls,  contains  land  and  fiuviatile  shells,  together  with  the  bones  and 
ekeletons  of  birds  and  quadrupeds.  Several  land  plants  are  also  met 
with,  among  which  are  fine  specimens  of  the  fan  palm  or  palmetto  tribe 
(FJabellaria).  The  remuns  also  of  freshwater  fish,  and  of  crocodiles 
and  other  reptiles,  occur  in  the  gypsum.  The  skeletons  of  mummaji^ 
are  usually  isolated,  often  entire,  the  most  delicate  extremities  being 
preserved ;  as  if  the  carcases,  clothed  with  their  flesh  and  skin,  hod 
been  floated  down  soon  after  death,  and  while  they  were  still  swollen 
by  the  gases  generated  by  their  first  decomposition.  The  few  ac- 
companying shells  ore  of  those  light  kinds  which  frequently  8<mt  (mi 
the  surface  of  rivers,  together  with  wood. 

M.  Frevost  has  therefore  suggested  that  a  river  may  hare  swept 
away  the  bodies  of  animals,  and  the  plants  which  lived  on  its  borders, 
or  in  the  lakes  which  it  traversed,  and  may  have  carried  them  down 
into  the  centre  of  the  gulf  into  which  flowed  the  waters  impregnated 
with  sulphate  of  lime.  We  know  that  the  Flinne  Salso  in  Sicily 
enters  the  sea  so  charged  with  various  salts  that  the  thirsty  cattle 
refuse  to  drink  of  it  A  stream  of  snlphureous  water,  as  white  as 
milk,  descends  into  tiie  sea  from  the  volcanic  mountun  of  Idlenne, 
oa  the  east  of  Java;  and  a  great  body  of  hot  water,  chaif;ed  with 
sulphuric  acid,  rushed  down  from  the  same  volcano  on  one  occasion, 
and  inundated  a  lai^e  tract  of  country,  destroying,  by  its  noxiooa 
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propertiea,  all  the  ttgettiUmi.'  In  like  muiner  the  Pusasibic\  or 
"  Vi&egu  Birer,"  of  Colombia,  which  rises  at  the  foot  of  Farac^  an 
extinct  volcano^  7,500  feet  above  the  level  of  the  sea,  is  etronglj  impreg- 
nated with  solphuric  and  hydrochloric  acids  and  with  oxide  of  iron. 
We  may  easily  suppose  the  waters  of  such  streams  to  have  properties 
Qoxioos  to  marine  animals,  and  in  this  manner  the  entire  absence  of 
mariae  remains  in  the  ossiferous  gypsum  may  be  explaioed-f  There 
are  DO  pebbles  or  coarse  sand  in  the  gypsum )  a  circumstance  which 
agrees  weU  with  the  hypothesis  that  these  beds  were  precipitated 
from  water  holding  sulphate  of  lime  in  solution,  and  floatlDg  the 
remains  of  different  animals. 

In  this  formation  the  relics  of  about  fifty  species  of  quadrupeds, 
including  the  genera  PaUotherium  (see  fig.  191.),  AnoplotAerium 
(see  %.  190.),  and  others,  have  been  found,  all  extinct,  and  nearly 
four>fifths  of  them  belonging  to  a  division  of  the  order  Pachydermata, 
which  is  now  represented  hy  only  four  living  species ;  namely,  three 
ttpn  and  the  daman  of  the  Cape.  With  them  a  few  carnivorous 
aoimals  ar«  associated,  among  which  are  the  Hycenodon  datyuroidtt, 
and  a  species  of  dog,  Cank  Parinentu,  and  a  weasel,  Cynodon 
Paritieiuu.  Of  the  Aximtia,  are  found  a  squirrel;  of  the  /n* 
iMCtvoro,  a  bat ;  while  the  Marntpialia  (an  order  now  confined  to 
America,  Australia,  and  some  contiguous  islands)  are  represented  by 
an  opossum. 

Of  birds,  abont  ten  species  have  been  ascertained,  the  skeletons  of 
some  of  which  are  entire.  None  of  them  are  referable  to  existing 
species.}  The  same  remark  applies  to  the  flab,  according  to  MM. 
Qivier  and  Agassis,  as  also  to  the  reptiles.  Among  the  last  are 
crocodiles  and  tortoisea  of  the  genera  Smyt  and  Trionyx. 

Tlie  tribe  of  land  quadrupeds  most  abundant  in  this  fbnnation  is 
socb  as  now  inhabits  allurial  plains  and  marslies,  and  the  banks  of 
rivers  and  lakea,  a  class  most  exposed  to  suffer  hy  river  inundations. 
Among  these  were  several  species  of  PaUotkere,  a  genuq  before 
alladed  to  (p.  211.).  These  were  associated  with  the  jtitoploli^rium, 
a  tribe  int«nnediate  between  pachyderms  and  ruminants.  One  of  the 
three  dirinons  of  this  family  was  called  by  Cuvier  Xqihodon  (see 
fig.  285.).  Their  forms  were  slender  and  elegant,  and  one,  named 
Xiphodon  graeiU  (fig.  235.),  was  about  the  sise  of  the  chamois ;  and 
Cuvier  inferred  from  the  skeleton  that  it  was  as  light,  graceful, 
and  agile  as  the  gaxelle. 

When  the  F^«nch  osteologist  declared,  in  the  early  part  of  the 
present  century,  that  all  the  fossil  quadrupeds  of  the  gypsum  of 
Paris  were  extinct,  the  announcement  of  so  startling  a  fact,  on  such 
high  authori^,  created  a  powerful  sensation,  and  from  that  time  a 
new  impulse  was  given  throughout  Europe  to  the  progress  of 
geological  investigation.     Eminent  naturalists,  it  is  ti^e,  had  long 

*  I^jdellogst.  TOOT  WMenichKouM  f  U.  C.  Pi'eroft,  Submenioiu  Il£ta- 

en  I>n.,  putie  t.  eahier  i  p.  71.    Ciled  tivM  &£■    Not«  Si. 
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p.  43. 
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before  nuinUined  tfa»t  the  Bhella  and  zoophytes,  met  with  in  rnuj 
ancient  European  rocka,  had  ceased  to  be  inhabitants  of  the  earth, 


Xl/tatf^paiilr, 


CoHtr.    IlMtondOT 


bat  the  majority  even  of  the  educated  claasea  eontianed  to  believe 
that  the  species  of  animals  and  plants  now  coDtemporaiy  with  mtn, 
were  the  same  as  those  which  hnd  been  called  into  being  when  the 
planet  itself  was  created.  It  was  easy  to  throw  discredit  npon  the  new 
doctrine  by  asking  whether  corals,  shells,  and  other  creatoree  pre- 
vioDsly  unknown,  were  not  annually  discovered  ?  and  whether  living 
forms  corresponding  with  the  fossils  might  not  yet  be  dredged  up 
from  seas  hitherto  unexamined  F  But  from  tbe  era  of  the  publica- 
tion of  Cuvier's  Ossementa  Fossiles,  and  still  more  his  popular  Trea- 
tise called  "  A  Theory  of  the  Earth,"  sounder  views  b^an  to  prevail- 
It  was  clearly  demonstrated  that  most  of  the  mammal^  found  in  tlie 
gypsum  of  Montmartre  differed  even  generically  from  any  now  kDin*n 
to  exist,  and  tlie  extreme  improbability  that  any  of  them,  especially 
the  larger  ones,  would  ever  be  found  surviving  in  continents  yet  un- 
explored, was  made  manifest.  Moreover,  tbe  non -admixture  of  s 
single  living  species  in  the  midst  of  so  rich  a  fossil  fauna  was  a 
striking  proof  that  there  bad  existed  a  state  of  the  earth's  surface 
zoologically  unconnected  with  the  present  state  of  things. 

CaUaire  itiieetix,  or  Travertin  in/irieur,  B.  2.  —  This  compact 
siliceous  limestone  extends  over  a  wide  area.  It  resembles  a  preci- 
pitate from  tbe  waters  of  mineral  springs,  and  is  often  traversed  by 
small  empty  sinuous  cavities.  It  is,  for  the  most  part,  devoid  of 
organic  remains,  but  in  some  places  contains  freshwater  and  liod 
species,  and  never  any  marine  fossils.  The  siliceous  limestone  and 
the  calcaire  grossier  usually  occupy  distinct  parts  of  the  Fans  basin, 
the  one  attaining  its  fullest  development  in  those  places  where  the 
other  is  of  slight  thickness.  They  are  described  by  some  writers  as 
alternating  wilh  each  other  towards  the  centre  of  the  basin,  as  at 
Sergy  and  Osny;  and  M,  Prevost  concludes,  that  while  to  tbe  north. 
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where  the  bay  wu  probubly  open  to  the  sea,  a  marine  limestone  was 
fonned,  another  deposit  of  freshwater  origin  was  iDtroduced  to  the 
■oathward,  or  at  the  head  of  the  baj.  It  is  supposed  that  during 
the  Eocene  period,  as  now,  the  ocean  was  to  the  north,  and  the  con- 
tinent, where  the  great  Ukea  existed,  to  the  souths  From  that 
soDthem  region  we  may  suppose  a  body  of  freshwat«r  to  have  de- 
scended, charged  with  carbonate  of  lime  and  silica,  the  water  being 
perhaps  in  sufficient  Tolnme  to  freshen  the  upper  end  of  the  bay. 

The  gypsum,  with  its  associated  marl  and  limestone,  is,  as  before 
stated,  in  greatest  force  towards  the  centre  of  the  basin,  where  the 
calcaire  grassier  and  calcaire  ailiceuK  are  less  fully  developed.  Hence 
M.  Prevoat  infers,  that  while  those  two  principal  deposits  were 
gradually  in  prepress,  the  one  towards  the  north,  and  the  other 
towards  the  south,  a  river  descending  from  the  east  may  have  brought 
down  the  gypseous  and  marly  sediment. 

Gris  de  Beauehamp  or  Sablet  moyetu,  B.  3.  — In  some  parts  of 
the  Paris  basin,  sands  and  marls,  called  the  Gr^  de  Beauehamp,  or 
Sables  moyens,  divide  the  gypseous  beds  from  tlie  calcaire  grossier 
proper.  These  sands,  in  which  s  small  nummulite  (JV.  variolarta) 
is  very  abundant,  contain  more  than  300  species  of  marine  shells, 
many  of  them  peculiar,  but  others  common  to  the  next  division. 

Calcaire  grotsier,  upper  and  middle,  B.  4.  —  The  upper  division  of 
this  group  consists  in  gret^  part  of  beds  of  compact,  fragile  limestone, 
with  some  intercalated  green  marls.  The  shells  in  some  parts  are  a 
mixture  of  Cerithium,  CycloitoTna,  and  Corbula;  in  others  Limneus, 
Ctritkiitm,  Paludina,  &c.  In  the  latter,  the  bones  of  reptiles  and 
mammalia,  Paleolkerium  and  Lophiodon,  have  been  found.  The 
middle  division,  or  calcaire  grossier  proper,  consists  of  a  coarse  lime- 
stone, oAen  passing  into  sand.  It  contains  the  greater  number  of 
the  fossil  shells  which  characterize  the  Paris  basin.  No  less  than 
WO  distinct  species  have  been  procured  from  a  single  spot  near 
Grignon,  where  they  are  embedded  in  a  calcareous  sand,  cbieBy 
formed  of  comminuted  shells,  in  which,  nevertheless,  individuals  in 
a  perfect  state  of  preservation,  both  of  marine,  terrestrial,  and  fresh- 
water species,  are  mingled  together.  Some  of  the  marine  shells 
may  have  lived  on  the  spot;  but  the  Ctfclottoma  and  Limnetts  must 
have  been  brought  thither  by  rivers  and  currents,  and  the  quantity  of 
triturated  shells  implies  considerable  movement  in  the  waters. 

Nothing  is  more  striking  in  this  assemblage  of  fossil  testacea  than 
the  great  proportion  of  species  referable  to  tbe  genus  CerUAium 
(see  p.  30.  flg.  44.).  There  occur  no  leu  than  137  species  of  this 
genus  in  the  Paris  basin,  and  almost  all  of  them  in  the  calcaire 
grassier.  Host  of  the  living  Cyrithia  inhabit  the  sea  near  tbe  mouths 
of  rivers,  where  the  waters  are  brackish ;  so  that  their  abundance  in 
the  marine  strata  now  under  consideration  is  in  harmony  with  the 
hypothesis,  that  the  Paris  basin  formed  a  gulf  into  which  several 
rivers  flowed,  the  sediment  of  some  of  which  gave  rise  to  the  beds  of 
elay  and  lignite  before  mentioned;    while  a  distinct    freshwater 
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limestone,  called  calcajre  eiliceox,  already  described,  wai  precipitated 
from  the  waters  of  others  situated  farther  to  the  south. 

In  some  parts  of  the  calciure  grossier  round  pKris,  certain  beds 
occur  of  a  stone  used  in  building,  and  called  b^  the  French  geol<^;ista 
"Miliolite  limestone."  It  ia  almost  entirely  made  up  of  milliooiof 
microscopic  shells,  of  the  siee  of  minute  grains  of  sand,  which  all 
belong  to  the  class  Foraminifera.  Figures  of  some  of  these  are  giren 
in  the  annexed  wooilcut.    As  thb  miltolitic  stone  never  occnrs  in  the 


Faluns,  or  Miocene  strata  of  Brittany  and  Toaraine,  it  often  fur- 
nishes the  geologist  with  a  useful  criterion  for  distinguishing  the 
detached  Eocene  and  Miocene  formations,  scattered  over  those  and 
other  adjoining  proTinces.  The  discovery  of  the  reroaina  of  Paleo* 
therium  and  other  mammslia  in  some  of  the  upper  beds  of  the  cal- 
caire  grossier  shows  that  these  land  animals  began  to  exist  before  the 
deposition  of  the  overlying  gypseous  series  had  commenced. 
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hxetr  Cateatreffnttier,  or  Glaueonie  groinire,  fi.  5.  —  The  lower 
part  of  tbe  cmlcaire  groaaier,  which  often  contains  much  green  eurth, 
ia  duncterized  Kt  Auvers,  near  Pontoise,  to  the  north  of  Fans,  and 
stiUmorein  the  earirona  of  Compi^ne,  b^  the  abundance  of  nnmrna- 
lites,  consisting  chiefly  of  N.  lavigata,  N.  teabra,  and  N.  Lamareld, 
wtuch  constitate  a.lai^  proportion  of  some  of  the  stony  strata, 
ihongh  these  same  foraminifera  are  wanting  in  beds  of  similar  age  in 
the  immediate  environs  of  Paris. 

SoiuonnmM  Sandt  or  Liii  eoquiUiert,  B.  6.  —  Below  the  pre< 
ceding  formation,  shelly  sands  are  seen,  of  considerable  thickness, 
upedidly  at.  Coi8se>Lamotte,  near  Compi^;ne,  and  other  localities  in 
the  Soissonnais,  about  flfly  miles  N.E.  of  Paris,  from  which  abont  300 
epecies  of  shells  have  been  obtained,  many  of  them  common  to  tbe 
Csletire  groesier  and  the  Brackleaham  beds  of  England,  and  many  pe- 
cnlJar.  The^iifltnn(i>tMj>/antiia/ais'verjabnndant,and  themost  cbft* 
a  shell  is  tbe  Nerita  eonoieUa,  Lam.,  a  fossil  which  has  a 


my  vide  geographical  range;  for,  as  UiyArchiaG  remarks,  it  nccom- 
ftnin  the  nummulitic  formation  from  Europe  to  India,  having  been 
fannd  in  Cntch,  near  the  months  of  the  Indus,  associated  with  Num- 
imA'^u  teabra.  No  less  than  thirty-three  shells  of  this  group  are 
3tid  to  be  identical  with  shells  of  the  London  clay  proper,  yet,  after 
Tin&ig  Cuisse-Lamotte  and  other  localities  of  the  "  Sables  in- 
Cerienres "  of  Archiac,  I  agree  with  Mr.  Prestwich,  that  the  latter  are 
pnbriily  newer  than  the  London  clay,  and  perhaps  older  than  the 
Bndlegbam  beds  of  England.  The  London  clay  seems  to  be  nnre- 
pwenied  in  France,  unless  partially  so,  by  these  sands."  One  of 
In  ihells  of  the  sandy  beds  of  the  Soissonnais  is  adduced  by 
^  Deabtyes  as  an  example  of  the  changes  which  certain  species 
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undenrent  in  the  eoccessiTe  3tA|;ei  of  their  existence.  It  seems  tlittt 
different  varieties  of  the  Cardium  porulotum  tie  characteristic  of 
difi^rent  fonnations.  In  the  Sossonnais  this  shell  acquires  but  a 
small  Tolnme^  and  has  maaj  peculiarities,  which  disappear  in  the 
lowest  beds  of  the  calcaire  grossier.  In  these  the  shell  attuns  iU 
fldl  size,  with  many  diBtinctive  characters,  which,  are  again  modified 
in  the  uppermost  beds  of  the  colcaiie  grossier;  and  these  last  modi- 
fications of  form  ore  preserved  throughout  the  "upper  mariDe* 
(or  Upper  Eocene)  series." 

Arffiie  plattiqae  (C.  Table,  p.  228.).  —At  the  base  of  the  tertisry 
system  in  France  are  extensive  deposits  of  sands,  with  occasioiial 
beds  of  clay  used  for  pottery,  uid  called  "  argile  plaatique."  Fossil 
oysters  {Ottrea  bellovaeind)  abound  in  some  places,  and  in  others 
there  is  a  mixture  of  fluriatile  shells,  such  as  Cyrena  euneifomti*  (flg. 
233.  p.  321.),  Melaniainqmnala  (fig.  234.),  and  others,  freqnentlymet 
with  in  beds  occupying  the  same  position  in  the  valley  of  the  Thames. 
Layers  of  lignite  also  accompany  the  inferior  clays  and  sands. 

Immediately  upon  the  chalk  at  the  bottom  of  all  the  tertiary  strote 
in  France  there  generally  is  a  conglomerate  or  breccia  of  rolled  and 
angular  chalk-diota,  cemented  by  siliceous  sand,  lliese  beds  appear 
to  be  of  littoral  origin,  and  imply  the  previous  emergence  of  the  chalk, 
and  its  waste  by  denndation, 

Whetlier  the  Thanet  sands  before  mentioned  (p.  222.)  are  exactly 
represented  in  the  Paris  basin  is  still  a  matter  of  discussion. 

Wid^  extent  of  the  tutmmulitic  formation  m  Europe,  Asia,  ^, — 
When  I  visited  Belgium  and  French  Flanders  in  1851,  with  a  view 
of  comparing  the  tertiary  strata  of  those  conntries  with  the  English 
series,  I  found  that  all  the  beds  between  the  Upper  Eocene  or  Limbtug 
formations,  and  the  Lower  Eocene  or  London  clay  proper,  might  be 
conveniently  divided  into  three  sections,  distinguished,  among  other 
paleontological  characters,  by  three  difierent  species  of  nummuUtee, 
N.  variolaria  in  the  upper  beds,  N.  lav^aUt  m  the  middle,  and  N. 
planutata  in  the  lower.  After  I  had  adopted  this  claasiflcation,  I 
found,  what  I  had  overlooked  or  forgotten,  that  the  superposition  of 
these  three  species  in  the  order  here  assigned  to  them,  had  been 
previously  recognized  in  the  North  of  France,  in  1842,  by  Viscoont 
D'Archiac.  The  same  author,  in  the  valuable  monograph  recently 
published  by  himt,  has  observed,  that  a  somewhat  similar  distribu- 
tion of  these  and  other  species  in  time,  prevails  very  widely  in  the 
South  of  France  and  in  the  Pyrenees,  as  well  as  in  the  Alps  and 
Apennines,  and  in  Istria, — the  lowest  nummuliiic  beds  being  charac- 
terized by  fewer  and  smaller  species,  the  middle  by  a  greater  number 
and  by  those  wliich  individufUly  attain  the  largest  dimenuons,  and 
the  uppermost  beds  again  by  small  species. 

In  the  treatise  alluded  to,  M.  ZyArcbiac  describes  no  less  than  Mtj- 
two  species  of  this  genus,  and  considers  that  they  are  all  of  them  cha- 
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racterietic  of  thoie  tertiuy  strata  which  I  have  called  Middle  Eoc«ne. 
In  VBTj  few  instttncea  at  least  do  certain  species  diverge  from 
this  oanow  Umil^  whether  into  incumbent  or  subjacent  tertiary 
formatioiis,  it  being  rather  doubtful  whether  more  than  one  of 
them,  NumtmdUei  intermedia,  also  a  Middle  Eocene  fossil,  ascends 
so  high  as  the  Miocene  formation,  or  whether  anj  of  them  descend 
to  the  level  of  the  London  clay.  Certainly  they  have  never  been 
triced  80  low  down  as  the  marine  beds,  coeval  with  the  Plastic 
day  or  Lignite,  in  any  country  of  which  the  geology  has  been  well 
mirked  out.  This  conclusion  is  a  very  unexpected  result  of  recent 
inquiry,  since  for  many  years  it  was  a  matter  of  controversy  whether 
the  nummulitic  rocks  of  the  Alps  and  Pyrenees  ought  not  to  be  re- 
garded as  cretaceous  rather  than  Kocene.  The  late  M.  Alex, 
firongniart  first  declared  the  specific  identity  of  many  shells  of  the 
marine  strata  near  Fans,  and  those  of  the  nummulitic  formation  of 
Switxeriand,  although  he  obtained  these  last  from  the  summit  of  the 
Diablerets,  one  of  the  loftiest  of  the  Swiss  Alps,  which  rises  more 
tlian  10,0U0  feet  above  the  level  of  the  sea. 

The  nummulitic  limestone  of  the  Alps  is  often  of  great  thickness, 
and  is  immediately  covered  by  another  series  of  strata  of  dark- 
colonred  slates,  marls,  and  fucoidal  sandstones,  to  the  whole  of  which 
the  provincial  name  of  "  flysch  "  has  been  given  in  parts  ot  Switzer- 
land. The  researches  of  Sir  Roderick  Murchison  in  the  Alps  in 
1S47  have  shown  that  all  these  tertiary  strata  enter  into  the  disturbed 
and  loftiest  portions  of  the  Alpine  chain,  to  the  upheaval  of  which 
they  enable  us  therefore  to  assign  a  comparatively  modern  date. 

The  nummnlitic  formation,  with  its  characteristic  fossils,  plays  a 
far  more  conspicuous  part  than  any  other  tertiary  group  in  the  solid 
framework  of  the  earth's  crust,  whether  in  Europe,  Asia,  or  A&ica. 
It  often  attains  a  thickness  of  many  thousand  feet,  and  extends  from 
the  Alps  to  the  Carpathians,  and  is  in  full  force  in  the  north  of  Africa, 
as,  for  example,  in  Algeria  and  Morocco.  It  has  also  been  traced 
from  £^ypt,  where  it  was  largely  quarried  of  old  for  the  building  of 
the  Pyramids,  into  Asia  Minor,  and  across  Persia  by  Bagdad  to  the 
mouths  of  the  Indus.  Itoccursnotonlyin  Cutch,  but  iu  the  mountain 
raises  which  separate  Scinde  from  Persia,  and  which  form  the  passes 
leading  to  Caboul ;  and  It  has  been  followed  still  farther  eastward  into 
India,  as  far  as  eastern  Bengal  and  the  frontiers  of  Chin& 
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Or.  T.  Thomson  found  nnmmulites  at  an  elevation  of  no  less  than 

16,S00  feet  above  the  level  of  the  sea,  in  Western  Thibet. 

One  of  the  Bpeciea,  which  I  myself  found  very  abundant  on  tbe  flanks 

Fif.M*.  of  tlie  Pyrenees,  in  a  compact  crystalline  marble 

(fig.  242.)  is  called  by  M.  lyArchiac  ^wwiiBiifai 

Ptuchi.     The  same  is  also  very  common  in  rocks 

if  the  same  age  in  tbe  Carpathians. 

Another  large  Bpeciea  (see  fig.  243.),  Numauiilet 

exponetu,  J.  Sow.,  occnrs  not  only  in  the  Sootii 

oi'  France,  near  Dax,  bat  in  Germany,  Italy,  Ans 

Minor,  and  in  Cutch;  also  in  the  BMnintains  of 

8ji™BSJS^'i5'toIuk.  Sylhct,  on  the  frontiers  of  CMna. 

In  many  of  the  distant  countries  above  alluded  to,  in  Cat«h,  for 
example,  some  of  the  same  sbella,  such  as,  Merita  eoMcitUa  (fig. 
240.),  accompany  the  Nnmmulites  as  in  France. 

The  opinion  of  many  observers,  tiiat  the  nummuHdc  fonnsti<Hi 
belongs  partly  to  tbe  cretaceous  era,  seems  chiefly  to  have  arisen 
from  confounding  an  allied  genus,  OrbitoideB,  with  tbe  tme  Nnsi' 
mulite. 

When  we  have  once  arrived  at  the  conviction  that  the  nnmniulilic 
formation  occupies  a  middle  plaoe  in  the  Eocene  series,  w«  are  struck 
with  the  comparatively  modem  date  to  which  some  of  the  greatest 
revolutions  in  tbe  physical  geogr^>by  of  Europe,  Aaia,  and  Northern 
Africa  mnst  be  referred.  All  the  mountain  chains,  anch  m  tbe  Alp^ 
Pyrenees,  Carpathians,  and  Himalayas,  into  the  composition  of  whose 
central  and  loftiest  parts  the  nummnlitic  strata  enter  bodily,  conU 
have  bad  no  existence  till  after  tbe  Middle  Eocene  period.  During 
that  period  the  sea  prevailed  where  these  chains  now  rise,  for  mun- 
mulites  and  their  accompanying  testacea  were  unquestionably  inhatu- 
tants  of  Bait  water.  Before  these  events,  comprising  the  convereion 
of  a  wide  area  from  a  sea  to  a  continent,  England  had  been  peopled, 
as  Ibefore  pointedout(p.  220.),  by  various  quadrupeds,  by  berbi- 
vorouB  pachydermfl,  by  insectiTorouB  bate,  by  opossuma  and  monkeys. 
Almost  all  the  extinct  volcanoes  which  preserve  any  remains  of 
tbeir  original  form,  or  from  the  craters  of  which  lava  streams  can  be 
traced,  are  more  modem  than  the  Eocene  fauna  now  under  consi' 
deratioo;  and  besides  these  superficial  monuments  of  the  actionof  heat, 
Plutonic  influences  have  worked  vast  changes  in  tbe  texture  of  rocks 
within  the  same  period.  Some  members  <tf  the  nummuUtic  and 
overlying  tertiary  strata  called  JJj/ieh  have  actually  been  converted 
in  the  Central  Alps  into  crystalline  rocks,  and  transformed  into 
marble,  quartz-rock,  mica-scbist,  and  gneiss.* 

EOCENE  STRATA  IM  THE  mTXD  STATES. 

In  North  America  the  Eocene  formations  occupy  a  large  area 
bordering  the  Atlantic,  which  increasea  in  breadth  and  importance  ai 
it  is  traced  southwards  from  Delaware  and  Maryland  to  Georgia  and 
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AlftbaiDL  They  aleo  occnr  in  Loniu«a&  uid  other  Btetoa  both  east 
uid  west  of  the  viXhy  of  the  Mississippi.  At  Clftiborne  in  Alabuoa 
DO  less  than  four  hundred  species  of  nuuioe  ebells,  with  man;  echi- 
noderms  and  teeth  of  fish,  characterize  one  member  of  this  sjstem. 
Among  the  shells,  the  Cardita  phnicotta,  before  mentioned  (Gg.  216. 
p.  215.),  ia  in  abuoduice ;  and  this  fossil,  and  some  others  identical 
Trith  European  species,  or  very  nearly  allied  to  them,  make  it  highly 
probable  that  the  Claiborne  beds  agree  in  age  with  the  central  or 
SracUesham  group  of  England,  and  with  the  calcaire  grossier  of 
Paris.* 

Higher  in  the  series  is  a  remarkable  calcareons  rock,  formerly  called 
"  the  munmulite  limestone,"  from  the  great  number  of  discoid  bodies 
resembling  numniititeB  which  it  contains,  fossils  now  referred  by 
A.  d'Orbigny  to  the  genus  Orbitaidet,  which  has  been  demonstrated 
by  Dr.  Carpenter  to  belong  to  the  foraminifenut  That  naturalist 
moreover  ia  of  opinion  that  the  Orbitoides  alluded  to  {0.  ManteUi) 
ia  of  the  same  species  as  one  found  in  Cntch  in  the  Middle  Eocene  or 
onmmulitic  formation  of  India.  The  following  section  will  enable 
the  reader  to  nnderstand  the  position  of  three  subdivisions  of  the 
Eocene  aeries,  Koa.  1,  2,  and  3,  the  relations  of  which  I  ascertuned 
in  Clarke  County,  between  the  riven  Alabama  and  Tombeckbee. 


The  lowest  set  of  strata,  No.  1,  having  a  thickness  of  more  than 
100  feet,  comprise  marly  beds,  in  which  the  OUna  ttUctfotmi*  ocean, 
%  shell  ranging  from  Alabama  to  Tirginia,  and  being  a  reprvsenta- 
tive  form  of  the  Ottrea  Jiabelltda  of  the  Eocene  group  of  Europe. 
Id  other  beds  of  No.  1,  two  European  shells,  Cardita  ptamcotta, 
before  mentioned,  and  iSb^riun*  caaalietdatumi,  are  found,  with  a 
greftt  many  oUier  species  peculiar  to  America.  Numerous  corals, 
also,  and  the  remains  of  placoid  fish  and  of  rays,  occur,  and  the 
«  swords,"  as  they  are  callttd,  of  sword  fishes,  all  bearing  a  great 
geoerie  likeness  to  those  of  the  Eocene  strata  of  England  and  France. 

No.  2  (fig.  244.)  is  a  white  GmesttKie,  sometimes  soft  and  argilla- 

*  Bea  puMx  bf  Ibe  anthor,  Quit.        f  Quart  Jonm.   QeoL  Sac.  toL  H. 
Jonm.  0«ot   Boc  ttA.  It.  p.  19.)  and    p.  St. 
gaeond  Tint  to  the  17.  8.  T<i  iL  p.  09. 
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ceouB,  but  in  parts  very  compact  and  calcareoQs.  It  contuns  seven] 
peculiar  corals,  and  a  large  Nautilus  allied  to  N.  xicxae ;  also  in  iu 
upper  bed  a  gigantic  cetacean,  called  Zmglodon  by  Owen.* 


The  colossal  bones  of  this  cetacean  are  bo  plentiful  in  the  interior 
of  Clarke  Conntj  as  to  be  characteristic  of  the  formation.  The  ver- 
tebral column  of  one  skeleton  found  hj  Dr.  Buckley  at  a  spot  visited 
by  me,  extended  to  the  length  of  nearly  70  feet,  and  not  far  off  part 
of  another  backbone  nearly  50  feet  long  was  dug  up.  I  obtMned 
evidence,  during  a  short  excursion,  of  ao  many  localities  of  this  fossil 
animal  n-ithin  a  distance  of  10  miles,  as  to  lead  me  to  conclude  that 
they  must  have  belonged  to  at  least  forty  distinct  individuals. 

Prof.  Owen  first  pointed  out  that  this  huge  animal  was  not  reptilian, 
since  each  tooth  was  furnished  with  double  roots  (see  fig.  245.), 
implanted  in  corresponding  double  sockets ;  and  his  opinion  of  the 
cetacean  nature  of  the  fossil  was  afterwards  confirmed  by  Dr.  Wynian 
and  Dr.  R.  W.  Gibbes.  That  it  was  an  extinct  mammal  of  the 
whale  tribe  has  since  been  placed  beyond  all  doubt  by  the  discovery 
of  the  entire  skull  of  another  fossil  species  of  the  same  family,  having 
the  double  occipital  condyles  only  met  witli  in  mammals,  and  the 
convoluted  tympanic  bones  wliich  are  characteristic  of  cetaceans. 

Near  the  junction  of  No.  2  and  the  incumbent  limestone.  No.  3, 
next  to  be  mentioned,  are  strata  characterised  by  the  following  shells: 
Spondylm  dumotut  (Plagwitoma  damosum,  Morton),  JVcten  Fbvl- 
loni,  PecUn  perplanvt,  and  Otlrea  ertlaeea. 

No.  3  (fig.  244.)isa  white  limestone,  for  the  most  part  made  up  of  the 
Orhitoide*  of  D'Orbigny  before  mentioned  (p.  233.),  formerly  supposed 
to  be  a  nummnlite,  and  called  N.  JUantelli,  mixed  with  a  few  lunulites 
some  small  corals  and  shells.f  The  origin,  therefore,  of  this  cream- 
coloured  soft  stone,  like  that  of  our  white  chalk,  which  it  much  re- 
sembles, is,  I  believe,  due  to  the  decomposition  of  these  foraminifera. 
The  surface  of  the  country  where  it  prevails  is  sometimes  marked  by 
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the  absence  of  wood,  like  our  chalk  downs,  or  is  covered  eiclosively 
\>Y  the  Jun^Mrut  Viryiniana,  as  certain  chalk  districts  in  England 
by  the  jew  tree  and  juniper. 

Some  of  the  shells  of  this  limestone  are  common  to  the  Claiborne 
beds,  bat  many  of  them  are  peculiar. 

It  will  be  seen  in  the  section  (fig.  244-  p.  233.)  that  the  strata 
Noo.  1,  2,  3  are,  for  the  most  p&rt^  oTerlud  by  a  dense  formation  of 
sand  or  clay  without  fossils.  In  some  points  of  the  bluff  or  cliff  of 
the  Alabama  river,  at  Claiborne,  the  beds  Nos.  1,  2  are  exposed 
nnrly  from  top  to  bottom,  whereas  at  other  points  the  newer  form- 
ation. Ho.  4,  occupies  the  face  of  nearly  the  whole  cliff.  The  age  of 
this  overlying  mass  has  not  yet  been  determined,  as  it  has  hitherto 
proved  destitnte  of  organic  remains. 

The  burr-stone  strata  of  the  Southern  States  contun  so  nuxtj 
fossils  agreeing  with  those  of  Claiborne,  that  it  doubtless  belongs  ta 
the  same  part  of  the  Eacene  group,  though  I  was  not  fortunate  enough 
to  see  the  relations  of  the  two  deposits  in  a  continnous  section. 
Mr.  Tnomey  considers  it  as  the  lower  portion  of  the  series.  It  may, 
perhaps,  be  a  form  of  the  Cltuborne  beds  in  places  where  lime  was 
wanting,  and  where  silex,  derived  from  the  decomposition  of  febpar, 
predominated.  It  consists  chiefly  of  slaty  days,  quartzose  sands,  and 
ktam,  of  a  brick  red  colour,  with  layers  of  cheitor  bnrr-stone,  nsed  in 
scHoe  places  for  mill-atones. 


CHAPTER  XTII. 

CBXTXCKODB  SBODF. 


Lapse  of  time  between  die  CreUceooa  and  Eocene  periods  ^Whether  certua 
fbrmalicnu  in  Belgium  and  France  are  of  iaiermediate  age  — Fiaolitic  limeBtone 
— Ditisiona  of  the  Cretaceous  s«riei  in  North- Western  Europe — MaeaCricht 
beds— Chalk  of  Faxoe— White  chalk — lu  geographical  entent  and  origin — 
Formed  in  ao  open  and  deep  lea — How  tar  derived  from  ihella  and  coral*— 
Single  pebbles  in  chatk  — Chalk  flints, — PoUtonei  of  Eomead — Fossils  of 
the  Upper  Cretaceoos  rocb — Ecliini>demu,  UoUusca,  Brfoxoa,  Sponges — 
Upper  Greensand  and  Ganlt — Chalk  of  South  of  Europe  —  Hippnrite  limestone 
— CretaceooB  rocke  of  tbe  United  States. 

Having  treated  in  the  preceding  chapters  of  the  tertiary  strata,  we 
have  next  to  speak  of  the  uppermost  of  the  secondary  groups,  com- 
monly called  the  chalk,'  or  the  cretaceous  strata,  from  ereta,  tbe  , 
Latin  name  for  that  remarkable  white  earthy  limestone,  which 
constitutes  an  upper  member  of  the  gronp  in  these  parts  of  Enrope, 
where  it  was  first  studied.  The  marked  discordance  in  the  fosails 
of  the  tertiary,  as  compared  with  the  cretaceous  formations,  has  long 
induced  many  geologists  to  snspect  that  an  indefinite  series  of  ^es 
elapsed  between  the  respective  periods  of  their  origin.  Measured, 
indeed,  by  such  k  standard,  that  is  to  say,  by  the  amount  of  change  in 
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the  Fauna  and  Flora  of  tlie  earth  effected  in  the  ioterTol,  the  time 
between  the  cretaceoiu  and  Eocene  may  have  been  as  great  as  that  be~ 
tween  the  £^o<!enB  and  recent  periods,  to  the  history  of  which  the  last 
eaveo  chapters  have  been  devoted.  Several  fragmentuy  deposits  have 
been  met  with  here  and  there,  in  the  course  of  the  last  half  centnrj, 
of  an  age  intermediate  between  the  white  chalk  and  the  plastic  clajs 
and  sands,  of  the  Paris  and  London  districts,  monuments  which  have 
Ihe  same  kind  of  interest  to  a  geologist,  which  certain  mediaval 
records  excite  when  we  study  the  history  of  nations.  For  both  of 
them  throw  light  on  ages  of  darkness,  preceded  and  followed  bj 
others  of  which  the  annals  are  comparatively  well  known  to  us.  But 
these  newly  discovered  records  do  not  fill  up  the  wide  gap,  some  at 
them  being  closely  allied  to  the  Eocene,  and  others  to  the  eretaoeoos 
type,  while  none  appear  aa  yet  to  possess  so  distinct  and  characteristic 
a  faona,  as  may  entitle  them  to  hold  an  Independeat  place  in  the  great 
chronological  series. 

Among  the  formations  alluded  to,  the  Thanet  Sands  of  Frestwich 
have  been  sufflciently  described  in  the  last  chapter,  and  classed  as 
Lower  Eocene.  To  the  same  tertiary  series  belong  the  Belgian  form* 
ations,  called  by  Professor  Dumont,  Landenian  and  Heersian,  although 
these  are  probably  of  higher  antiquity  than  the  Thauet  Sands.  On 
the  other  hand,  the  Maestricht  and  Faxoe  limestones  are  very  closely 
connected  with  the  chalk,  to  which  also  the  Piaolitic  limestone  of 
France  has  been  recently  referred  by  high  authorities. 

The  Lower  Landenian  beds  of  Belgium  consist  of  marls  and  sandl, 
oRen  conttuning  much  green  earth,  called  glauconite.  They  may  be 
seen  at  Toumay,  and  at  Angres,  near  Mona,  and  at  Orp-le-Grond, 
Lincent,  and  Landen  in  the  ancient  province  of  Hesbaye,  in  Belgium, 
where  they  supply  a  durable  building-atone,  yet  one  so  light  as  to  be 
easily  transported.  Some  few  shells  of  the  genas  ^olodamya, 
Scalaria,  and  others,  agree  specifically  with  fossils  of  the  Thanet 
Sands ;  bat  most  of  them,  such  as  Attarte  intequilattra,  Nyst,  are 
peculiar.  In  the  building-stone  of  Orp-le-Grand,  I  found  a  CardiaiUr, 
a  genus  which,  according  to  Professor  £.  Forbes,  was  previously 
unknown  in  rocks  newer  than  the  cretaetmu. 

Still  older  than  the  Lower  Landenian  is  the  marl,  or  colcareoni 
glauconite  of  the  village  of  Heers,  near  Waremme,  in  Belgium ;  also 
seen  at  Marlinne  in  the  same  district,  where  I  have  examined  it  It 
has  been  sometimes  classed  with  the  cretaceous  series,  although  as  yet 
it  has  yielded  no  forms  of  a  decidedly  cretaeeoos  aspect,  sach  as 
Ammonite,  Bacolite,  Belemnite,  Hippurit«,  .&c.  The  species  of 
shells  are  tsst  the  most  part  new ;  but  it  contains,  according  to 
H.  Hubert,  Fholodamya  euneata,  an  Eocene  fossil,  and  he  assigns  it 
with  confidence  to  the  tertiary  series. 

Fitoliiie  Umeitone  qf  France. — Geologists  have  been  still  more  at 
variance  respecting  the  cbronological  relations  of  this  rock,  which  is 
met  with  in  the  neighbourhood  of  Kris,  and  at  places  north,  south, 
east,  and  west  of  that  metropolis,  as  between  Ycrtus  and  Laversines, 
Meudon  and  Montereau.  It  is  usually  in  the  form  of  a  coarse 
yellowish  or  whitish  limestone,  and  the  total  thickness  of  the  series 
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of  beds  Already  known  ia  about  100  feet.  Its  geographical  range, 
according  to  M.  Hubert,  is  not  less  than  45  leagues  from  east  to 
weat,  and  35  from  north  to  south.  Within  these  limits  it  occurs  in 
small  patches  only,  resting  unconfonnably  on  the  white  chalk.  It 
was  originally  regarded  as  cretaceous  by  H.  £.  de  Beaumont,  on  the 
ground  of  its  having  undergone,  like  the  white  chalk,  extensive 
denudation  previous  to  the  Eocene  period ;  but  many  able  paleon- 
tologists, and  among  others  MM.  C.  D'Orhigny,  Desfaayes,  and 
lyArcbiac,  disputed  this  conclusion,  and,  after  enumeratiag  54  species 
of  foesils,  declared  that  their  appearance  was  more  tertiary  than 
cretaceous.  More  recently,  M.  Hubert  having  found  the  Pecten 
qoadricottatia,  a  cretaceous  species,  in  this  same  pisolitic  rock,  at 
Monterean  near  Paris,  and.  some  few  other  fossils  common  to  the 
Haestricht  chalk,  and  to  the  Bacolite  limestone  of  the  Cotentin,  in 
Normandy,  classed  it  as  an  upper  member  of  the  cretaceous  group, 
au  opinion  since  adopted  by  M.  Alcide  D'Orbigny,  who  has  carefully 
examined  the  fossils.  The  Nautibu  Danicui,  fig.  249.,  and  two  or 
three  other  species  found  in  this  rock,  are  frequent  in  that  of  Fazoe 
in  Denmark,  but  as  yet  no  Ammonites,  Hsmites,  Scaphites,  Turrilites, 
Baculites,  or  Hippurites  have  been  met  with.  The  proportion  of 
peculiar  species,  many  of  them  of  tertiary  aspect,  is  confessedly  large ; 
and  great  aqueous  erosion  suffered  by  the  white  chalk,  before  the 
pisolitic  limestone  was  formed,  afibrds  an  additional  indication  of  the 
two  deposits  being  widely  separated  in  time.  The  pisolitic  formation, 
&erefore,  may  eventually  prove  to  be  somewhat  more  intermediate 
in  date  between  the  secondary  and  tertiary  epochs  than  the 
Haestricht  rock. 

It  should  however  be  observed,  that  all  the  above-mentioned  strata, 
from  the  Thanet  Sands  to  the  Pisolitic  limestone  inclnsire,  and  even 
the  Maestricht  rock,  next  to  be  described,  exhibit  marks  of  denudation 
experienced  at  various  dates,  subsequently  to  the  consolidation  of  the 
white  chalk.  This  fact  helps  us  in  some  degree  to  explain  the 
remarkable  break  in  the  sequence  of  European  rocks,  between  the 
secondary  and  tertiary  eras,  for  many  strata  which  once  existed  have 
doahdess  been  swept  away. 

CIASSIFICATlOtl  or  THE  CRBTJiCEOire  ItOCKB. 

The  creCaceons  group  has  geuerally  been  divided  into  an  Upper  and 
a  Lower  series,  each  of  them  comprising  several  subdivisions,  dis- 
tiogaished  by  peculiar  fossils,  and  sometimes  retaining  a  unifonq 
mineral  character  throughout  wide  areas.  The  Upper  series  is  often 
called  familiarly  the  chalk,  and  the  Lower  the  grgeiuand,  the  last- 
mentioned  name  being  derived  from  the  green  colour  imparted  to 
certain  strata  by  grains  of  chloritic  matter.  The  following  table 
comprises  the  names  of  the  subdivisions  most  commonly  adopted: — 


L.  1.  Maettricbt  beds  and  Faxoe  limestona. 
S.  While  chalk  with  flinu. 
S.  Chalk  marl,  or  grey  chalk  tlightl;  argillac«oiu. 
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iccadonaUf  with  beds  of  ch«rt,  and  with  chloritic  nud 


It  NteeomtoH). 

B.  I.  Lower  grMnund — Greensand,  Iransand,    ckj,   and  oceanonkl  bedt  at 
limeiUHie  (Kentigb  Kog). 
S.  Wealden  beds  or  We&Id  clay  and  Haalingii  landi.* 

Maeslricht  Beds,  —  On  the  banks  of  the  Aleuse,  at  Maeatricht, 
repoiiing  OR  ordinarj  white  chalk  with  flints,  we  find  an  upper  ctl- 
careouB  formation  about  100  feet  thick,  the  fossils  of  which  are,  on 
the  whole,  very  peculiar,  and  all  distinct  from  tertiary  species.  Soma 
few  are  of  species  common  to  the  inferior  white  chalk,  among  which 
may  be  mentioned  BeUmnites  mucronatut  (fig.  256.  p.  246.)  and 
Pecten  quadricostatut,  a  shell  regarded  by  many  as  amere  variKtyof 
P.  qmnqueeottafaa  (see  fig.  271.).  Besides  the  Belemuite  there  are 
other  genera,  such  as  Bacalite  and  Hamite,  never  fonnd  in  stnta 
newer  than  the  cretaceong,  bot  frequently  met  with  in  these  Maes- 
tricht  beds.  On  the  other  hand,  Volula,  Fascwlaria,  and  other 
genera  of  univalve  shells,  usually  met  with  only  in  tertiary  strata, 
occur. 

The  upper  part  of  the  rock,  about  20  feet  thick,  as  seen  in  St. 
Peter's  Mount,  in  the  suburbs  of  Maestricht,  abounds  in  corals  and 
BryoEoa,  often  detachable  from  the  matrix ;  and  these  beds  are 
succeeded  by  a  soft  yellowish  limestone  SO  feet  thick,  extensively 
quarried  from  time  immemorial  for  building.  The  stone  below  is 
whiter,  and  contains  occasional  nodules  of  grey  chert  or  chalcedony. 

M.  Bosquet,  with  whom  I  examined  this  formation  (August,  lUoO), 
pointed  out  to  me  s  layer  of  chalk  from  2  to  4  inches  thick,  con- 
taining green  earth  and  numerous  encrinital  stems,  which  funns 
the  line  of  demaraation  between  the  strata  containing  the  fossib 
peculiar  to  Maestricht  and  the  white  chalk  below.  The  latter  is  dis- 
tinguished by  regular  layers  of  black  flint  in  nodules,  and  by  serertl 
shells,  such  as  Terebratuta  camea  (see  fig.  267.),  wholly  wanting 
in  beds  higher  than  the  (>reen  band.  Some  of  the  oiganic  remains, 
however,  for  which  St.  Peter's  Mount  is  celebrated,  occur  both  above 
and  below  that  parting  layer,  and,  among  others,  the  great  marine 
reptile  called  Motasaunu  (see  fig.  247.^  a  saurian  supposed  to  have 
been  24  feet  in  length,  of  which  the  entire  skull  and  a  great  part  of 

*  M.  Alcide  d'Obignj,  ia  hi«  valuable  work  entitled  FaUontoIo^  FranonM^ 
baa  adopted  newtenos  for  the  Frencb  subdivisioiu  of  the  Cretaceooa  Series,  wWh, 
>o  fw  as  ihey  caa  be  made  lo  tally  with  Englidi  cqaivalenta,  seem  explicable  thus: 

Danien.  Haenricht  beda 

Senonion.       'Wbice  chalk,  and  ehaU,  marL 

Taronien.       Ftn  of  the  chalk  marl 

Cenomanien.  Cpper  greenuad. 

Albien.  GaulL 

Aptien.  Upper  part  oflowergreenaand. 

Ncocomieii.    Lower  part  of  aame. 

Heocomien 
infenmr.    Wealdea  bedi  and  conlemponuieoaa  manne  MnM. 
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the  skeleton  have  been  fonnd.  Such  remains  are  chiefly  met  with 
in  the  soft  freeatone,  the  principal  member  of  the  Maestricht  beds. 
Among  the  fossils  common  to  the  Maestricht  and  white  chalk  may  be 
instanced  the  echinoderm  fig.  248. 


1  saw  proofs  of  the  previous  denudation  of  the  white  chalk  ex- 
^   _  _  hibited  in  the  lower  bed  of  the  Maestricht 

formation  in  Belgium,  about  30  miles  S.W. 
of  Maestricht,  at  the  village  of  Jendratn, 
where  the  base  of  the  newer  deposit  con- 
sisted chiefly  of  a  layer  of  welUrolled, 
black,  chalk-flint  pebbles,  in  the  midst 
of  which  perfect  specimens  of  Theeidta 
radian*  and  Belemnitei  mueronatw  are 
imbedded. 

Chalk    of   Faxoe.—la    the   island    of 
'*'*'*'  Seeland,   in    Denmark,  the  newest  mem- 

ber of  the  chalk  series,  seen  in  the  sea-cliSa  at  Stevenskliut 
resting  on  white  chalk  with  flints,  is  a  yellow  limestone,  a  por- 
tioD  of  which,  at  Faxoe,  where  it  ia  used  as  a  building-stone,  is 
composed  of  corals,  even  more  conspicuously  than  is  nsually  oh- 
serred  in  recent  coral  reefs.  It  has  been  quarried  to  the  depth  of 
more  than  40  feet,  but  its  thickness  is  unknown.  The  imbedded 
■liells  are  chiefly  casts,  many  of  them  of  univalve  mollusca,  which 
are  Dsmllf  very  rare  in  the  white  chalk  of  Europe.  Thus,  there 
■re  two  species  of  Cypraa,  one  of  Otiva,  two  of  Mitra,  four  of  the 
genus  Ctrithium,  six  of  Futus,  two  of  Trochun,  one  Paltlla,  one 
Enarginula,  &c. ;  on  the  whole,  more  than  thirty  univalves,  spiral 
or  pslelljform.  At  the  same  time,  some  of  the  accompanying  bivalve 
■bells,  echinoderms,  and  zoophytes  are  specifically  idcntieal  with 
"XsAa  of  the  true  Cretaceous  series.  Among  the  cephnlopoda  of 
faxoe  may  be  mentioned  Baevlilea  Faujasii  and  Belemjiilex  mucro- 
«"•«,  shells  of  the  white  chalk.  The  NauHlut  Dantcus  (see  fig,  249,) 
M  cliaraoteristic  of  this  formation ;  and  it  also  occurs  in  France  in 
•he  cslcure  pisolitique  of  Larersin  (dept  of  Oise). 
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yatiami  Qaileu.  Schl — Pun,  Dmrnvk. 

The  claws  ftnd  entire  skull  of  a  small  crab,  Sra- 

ehtfarvt  rugosus  (Schlottheim),  are  scattered  througli 

the  Faxoe  stone,  reminding  tu  of  aimiltr  emsta- 

ceans  enclosed  in  the  rocks  of  modern  coral  ree&. 

Some    small    portions    of  this  coralline  formation 

consist  of  white  earthy  chalk ;  it  is  therefore  clear 

that  this  substance  must  have  been  produced  simul- 

taneouslj;   a  fact  of  some  importance,  as  bearing 

on  the  theory  of  the  origin  of  white  chalk  ;  for  the 

decomposition  of  such  corals  as  we  see  at  Faxoe  is 

capable,  we  know,  of  forming  white  mud,  nndiatin- 

I   guishable  from  chalk,  and  which  we  may  suppose  to 

I    hai-e   been   dispersed   far  and    wide    throagh    the 

I  ~    ocean,  in  which  such  reefs  as  that  of  Faioe  grew. 

J  E        Whiu  ehalk  (see   Tab.   p.  237-    tl  »tq.).—Tbe 

I  s    highest  beds  of  chalk  in  England  and  France  consist 

f  of  a  pure,  white,  calcareous  mass,  usually  too  soft  for 

d  1>  a  building  stone,  but  sometimes  passing  into  a  more 

.  ^    solid  state.     It  consists,   almost   purely,  of  carbo- 

*  g-  nate  of  lime  i  the  stratification  is  often   obscnre, 

I    except  where    rendered  distinct  by   interatntified 

I    layers  of  flint,  a  few  inches  thick,  occaaonally  in 

i  I   continuous  beds,  but  oftener  in  nodulea,  and  recur- 

I  e   ring  at  Intervals  from  2  to  4  feet  distant  from  each 

*    other. 

i  I        This   upper   chalk  is  usually  succeeded,  in  the 

I  ^    descending  order,  by  a  great  mass  of  while  chalk 

without  flints,  below  which  comes  the  chalk  mari, 

in  which  there  is  a  slight  admixture  of  argillaeeona 

matter.     The   united  thickness  of  the  three  diri- 

sions  in  the  south  of  England  equals,  in  some  places, 

j  1000  feetL 

J  The  annexed  section   (fig.  250.)  will   show  the 

manner  in   which   the  white   chalk  extends  from 

England    into    France,    covered    by    the    tertiary 

strata  described  in  former  chapters,  and  reposing  on 

I  lower  cretaceonfl  bed*. 
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Geoffrapkieat  extent  and  origin  tf  the  White  Chalk. — The  ftrea 
OTcr  which  the  white  chalk  pregerTes  a  netrlf  bomogeneotia  aspect 
is  so  vaat,  that  the  earlier  geologists  despured  of  discoTering  anj 
analogous  deposits  of  recent  date.  Pure  chalk,  of  nearly  unifonn 
aspect  and  composition,  is  met  with  in  a  aorth-west  and  BOatb-esBt 
direction,  from  the  north  of  Ireland  to  the  Crimea,  a  distance  of 
abont  1140  geographical  miles,  and  in  an  opposite  direction  it  ex- 
tends from  the  aonth  of  Sweden  to  the  south  of  Bordeaux,  a  distance 
of  abont  840  get^vphical  miles.  In  Southern  Sussia,  according  to 
^  B.  Mnrchison,  it  is  sometimes  600  feet  thick,  and  retains  the 
same  mineral  character  as  in  France  and  England,  with  the  same 
fossils,  inclnding  Inoetranuu  Cuwri,  Belemnitet  mueronatut,  and 
Ottrea  vetiadarii. 

Bat  it  would  be  an  error  to  imagine,  that  the  chalk  was  ever 
spread  ont  continuously  over  the  wholeof  the  space  comprised  within 
these  limits,  although  it  prevuled  in  greater  or  less  thickneas  over 
large  portioiis  of  that  area.  On  turning  to  those  regions  of  the 
Pacific  where  cor^  reefs  abound,  we  find  some  archipelagoes  of 
lagoon  islands,  such  as  that  of  the  Dangerous  Archipelago,  for 
instance,  and  that  of  Badack,  with  sereral  adjoining  groups,  which 
are  from  1100  to  1200  miles  in  length,  and  800  or  400  miles  broad; 
and  the  space  to  which  Flinders  proposed  to  give  the  name  of  the 
Coralline  Sea  is  still  larger ;  fbr  it  is  bounded  on  the  east  by  the 
Anstraliftu  barrier — all  formed  of  coral  rock, — on  the  west  by  New 
Caledtmia,  and  on  the  north  by  the  reefs  of  Louisiade.  Aitboogh 
Que  islands  in  these  areas  may  be  thinly  sown,  the  mud  of  the  decom- 
posing zoophytes  may  be  scattered  far  and  wide  by  oceanic  currents. 
That  thia  mud  wenld  resemble  chalk  I  hare  already  hinted  when 
speaking  of  the  Faxoe  limestone,  p.  239.,  and  it  was  also  remarked 
in  an  early  part  of  this  Tolome,  that  even  some  of  that  chalk,  which 
appears  to  an  ordinary  obserrer  quite  destitute  of  organic  remains, 
is  neYertheless,  when  seen  under  the  microscope,  full  of  fragments  of 
corals,  bryozoa,  and  sponges ;  together  with  the  valves  of  entomo- 
Btraca,  the  shells  of  foraminifera,  and  still  mcwe  minnte  infusoria. 
(See  p.  26.) 

Now  it  had  been  often  suspected,  before  these  discoveries,  that 
white  chalk  might  be  of  animal  origin,  even  where  every  taw;e  of 
organic  stmcture  ha»  vanished.  This  bold  idea  was  partly  founded 
on  the  fact,  that  the  chalk  consisted  of  carbonate  of  lime,  such  as 
would  result  from  the  decomposition  of  testocea,  echini,  and  corals  ; 
and  partly  on  the  passage  observable  between  these  fossils  when 
half  decomposed  and  chalk.  But  this  conjecture  seemed  to  many 
naturalists  quite  vague  and  visionary,  until  its  probability  was 
strengthened  by  new  evidence  brought  to  light  by  modem  geologists. 
We  learn  from  Captain  Nelson,  that,  in  the  Bermuda  Islands,  and 
in  the  Bahamas,  there  are  many  basins  or  lagoons  almost  sur- 
rounded and  inclosed  by  reefs  of  coral.  At  the  bottom  of  these 
lagoons  a  soft  white  calcareous  mud  is  formed,  not  merely  from  the 
ctHnminution  of  corallines  (or  calcareous  plants)  and  corals,  together 
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with  the  exuTue  of  fo^aIDinife^^  molluakB,  eeUnodenuB,  and  enuU- 
ceans,  but  tlao,  u  Mr.  Darwin  obierTed  upon  studying  the  conl 
iaUsds  of  the  Pacific,  from  the  fecfd  matter  ejected  by  ecliiiiodennSr 
concha,  and  coral-eating  lisb.  In  the  West  Indian  seas,  the  conch 
(Strombut  gigoi)  adds  largely  to  the  chalky  mud  by  means  of  its 
fncal  pellets,  compoeed  of  minnte  grains  of  soft  calcareous  matter, 
exhibitii^  some  oi^anic  tissue.  Mr.  Darwin  describes  gr^arioui 
fishes  of  the  genus  Scarut,  seen  throngh  the  clear  waters  of  the 
coral  regions  of  the  Pacific  browsing  qoietly  in  great  nnmbers  oa 
living  corals,  like  grazing  herds  of  graminirorons  quadrupeds.  On 
Pt^  jg,  opening  their  bodies,  their  intestines  were  found 

to  be  filled  with  impure  chalk.  This  di- 
cnmstance  is  the  more  in  point,  when  we  re- 
collect how  the  fossilist  was  formerly  pusled 
by  meeting,  in  chalk,  with  certain  bodies,  called 
'  "  larcb-ooDes,"  which  were  afterwards  reec^' 
nized  by  Dr.  Bnckland  to  be  the  excr«nent 
of  fish.     Such  spiral  coprolites  (fig.  251.),  like 

are  composed  chiefly  of  phosphate  of  lime. 

In  the  Bahamas,  the  angel-flsh,  and  the  nnicom  or  trumpet-&ii, 
and  many  others,  feed  on  ^ell-fish,  or  on  corals. 

The  mnd  derired  from  the  sources  above  mentioned  may  be  actually 
seen  in  the  Maldiva  AtoUa  to  be  washed  out  of  the  lagoons  threugb 
narrow  openings  leading  from  the  lagoon  to  the  ocean,  and  the 
waters  of  the  sea  are  discoloured  by  it  for  some  distance.  When 
dried,  this  mnd  is  very  like  common  chalk,  and  might  probably  be 
made  by  a  moderate  pressure  to  resemble  it  still  more  closely.* 

Hr.  Dana,  when  describing  the  elevated  coral  reef  of  Oaho,  in  the 
Sandwich  Islands,  says  that  some  varieties  of  the  rock  consist  of 
aggregated  shells,  imbedded  in  a  compact  calcareona  base  as  firm  ia 
textore  as  any  secondary  limestone ;  while  others  are  like  chalk, 
baring  its  colour,  its  earthy  Fracture,  its  soft  homc^eneons  texture, 
and  being  sn  equally  good  writing  material  The  same  anthor  de- 
scribes, in  many  growing  coral  reefs,  a  similar  formation  of  modem 
ehalk,  undistinguishable  from  the  ancient.'!'  Tbe  extension,  over  a 
wide  submarine  area,  of  tbe  calcareous  matrix  of  the  chalk,  as  well  as 
of  the  imbedded  fossils,  would  take  place  more  readily  in  consequence 
of  the  low  specific  gravity  of  the  shells  of  mollusca  and  xoc^hytei, 
when  compared  with  ordinary  sand  and  mineral  matter.  The  nmd 
also  derived  from  their  decomposition  would  be  much  lighter  than 
ai^aceous  and  inorganic  mud,  and  very  easily  transported  by  car* 
rents,  especially  in  salt  water. 

Sittffle  pebblei  m  chaUu — The  general  absence  of  eandand  pebbles 
in  the  white  chalk  has  been  already  mentioned ;  but  tbe  occurrence 
here  and  there,  in  tbe  sonlli-east  of  England,  of  a  few  isolated  peb- 

■  See  Nelson,  G«cil.  Trani.  1837,  tdL  f  Geol.  of  XT.  &  Exploring  Eipei 
v.p.  108.;  aiidQ«oLQaait.Joiim.  18S3,     p.  SSS.  1M». 
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blei  of  qnftrtE  lod  green  schiat,  some  of  them  2  or  3  inches  in 
divneter,  hu  jnsti;  excited  mncli  wonder.  If  theae  hmA  been 
euried  to  the  spots  where  we  now  find  them  by  wavei  or  current! 
from  the  lands  once  bordering  the  cretaceous  aea,  how  happened  it 
that  no  sand  or  mud  were  transported  thither  at  the  same  time? 
We  cannot  conceive  each  rounded  stones  to  hare  been  drifted  lika 
erratic  blocks  by  ice  (see  ch.  x.  and  xi.),  for  that  would  implj 
a  cold  climate  in  the  Cretaceous  period ;  a  Hupposition  inconsistent 
with  the  luxuriant  growth  of  large  chambered  univalres,  nnmeroni 
corals,  and  manj  fish,  and  other  fossils  of  tropical  forma. 

Now  in  Keeling  Island,  one  of  those  detached  masses  of  coral 
which  rise  np  in  die  wide  ^tcific.  Captain  Rosa  found  a  aingla 
fivgment  of  greenstone,  where  every  otJier  particle  of  matter  was 
calcareous :  and  Mr.  Darwin  condades  that  it  mnst  have  come  thera 
entangled  in  the  roots  of  a  large  tree.  He  reminds  us  that  CbamissO) 
tbe  distingmshed  naturalist  who  accompanied  Eotzebue,  affirms,  that 
the  inhabitants  of  the  Kadack  archipelago,  a  group  of  lagoon  islands 
in  the  midst  of  the  Pacific,  obtained  stones  for  sharpening  their  instru- 
ments hj  setrcfaing  the  roots  of  trees  which  are  cast  up  on  the  beach.* 

It  may  perhaps  be  objected,  that  a  similar  mode  of  transport 
cannot  have  happened  in  the  cretaceous  sea,  because  fossil  wood  is 
Yoj  rare  in  the  chalk.  Nevertheless  wood  is  sometimes  met  with, 
and  in  the  same  parts  of  the  chalk  where  the  pebbles  are  found,  both 
in  soft  stone  and  in  a  silicified  state  in  flints.  In  these  cases  it  has 
often  every  appevance  of  baring  been  floated  from  a  distance,  being 
uanaUy  perforated  by  boring-shells,  such  as  the  Teredo  and  Fittu- 

The  only  other  mode  of  transport  which  suggests  itself  is  sea- 
weed. Dr.  Beck  informs  me  that  in  the  Lym-Fiord,  in  Jntlan^ 
the  ^uctu  netieulotut,  often  called  kelp,  sometimeB  grows  to  tbe 
height  of  10  feet,  and  the  branches  rising  fhim  a  single  root  form 
a  cluster  several  feet  in  diameter.  When  the  bladders  are  distended, 
the  plant  becomes  so  buoyant  as  to  float  up  looee  stones  several 
inches  in  diameter,  and  thtee  are  often  thrown  by  the  waves  high 
op  on  the  beach.  The  Fuetu  giganteui  of  Solander,  so  commoo  in 
TeiTs  del  Fuego,  is  said  by  Captain  Cook  to  attain  the  length  of  360 
feet,  althoogh  the  stem  is  not  much  thicker  than  a  man's  thumb. 
It  is  often  met  with  floating  at  sea,  with  shells  attached,  several 
hundred  miles  from  the  spots  where  it  grew.  Some  of  these  plants^ 
sajB  Mt,  Darwin,  were  fonnd  adhering  to  large  looee  stones  in  the 
inland  channels  cf  Terra  del  Fuego,  during  tbe  voyage  of  the  Beagle 
in  1834 ;  and  that  to  flrmly,  that  the  stones  were  drawn  np  from  the 
bottom  into  the  boat,  although  so  heavy  that  tLey  could  scarcely  be 
lifted  in  by  one  person.  Some  fossil  sea-weeds  have  been  found 
in  tbe  Cretaceous  formation,  but  nime,  as  jet,  of  large  stxe. 

But  we  must  not  imagine  that  because  pebbles  are  so  rare  in  the 
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white  cbitik  of  Eagl&nd  and  Franca  there  ere  no  proofs  of  sand, 
shingle,  and  claj  baring  been  accamnlated  contemporaneously 
even  in  European  seas.  The  siliceous  sandstone,  called  "upper 
quader "  bj  the  Germans,  overlies  white  argilUceons  chalk  or 
"  planer-kalk,"  a  deposit  resembling  in  composition  and  organic 
remains  the  chalk  marl  of  the  English  series.  This  sandstone  con- 
tains as  many  fossil  shells  cpmmon  to  our  white  chalk  as  conld  be 
expected  in  a  sea-bottom  formed  of  such  different  materials.  It 
sometimes  attains  a  thickness  of  600  feet,  and  b;  its  jointed  strnctore 
and  vertical  precipices,  plajs  a  conspicuous  part  in  the  pictnresqne 
scenery  of  Saxon  Switzerland,  near  Dresden. 

CAaU  PimU.  —  The  origin  of  the  ^a-jen  of  flint,  whether  in 
continaons  sheets  or  in  the  form  of  nodules,  is  more  difBcnlt  to 
explain  than  is  that  of  the  white  chalk.  No  such  siliceous  masses 
are  as  yet  known  to  accompany  the  a^regation  of  chalky  mud  in 
modem  coral  reefs.  The  flint  abonnds  mostly  in  the  uppermost 
chalk,  and  becomes  more  rare  or  is  entirely  wanting  as  we  descend ; 
but  this  rule  does  not  hold  universally  throughont  Europe.  Some 
portion  of  the  flint  may  have  been  derived  from  the  decompouti<n 
of  sponges  and  other  zoophytes  provided  with  siliceons  skeletons ; 
for  it  is  a  fact,  that  siliceous  spicnhe,  or  the  minute  bones  of  sponge^ 
Kta  often  met  vrith  in  flinty  nodules,  and  may  have  served  at  least  as 
points  of  attraction  to  some  of  the  siliceous  matter  when  it  was  in  the 
act  of  separating  from  chalky  mud  during  the  process  of  solidification. 
But  there  are  other  copious  sources  before  alluded  to,  whence  the 
waters  of  the  ocean  derive  a  constant  supply  of  silex  in  solution,  such 
aa  tiie  decomposition  of  felspathic  rock  (see  p.  42.),  also  minenl 
eprings  risii^  up  in  the  bed  of  tiie  sea,  eepedally  those  of  a 
Ugh  temperatore ;  since  their  waters,  if  chilled  when  first  minf^tng 
with  the  sea,  would  readily  precipitate  siliceous  matter  (see  above, 
p.  42.).  Nevertheless,  the  occurrence  in  the  white  chalk  of  beds  of 
nodular  or  tabular  flint  at  so  many  distinct  levels,  implies  a  peri- 
odical action  throughout  wide  oceanic  areas  not  easily  accounted  for. 
It  seems  as  if  there  had  been  time  for  each  successive  accumulation 
of  calcareo-siliceons  mud  to  become  partially  consolidated,  and  for  s 
re-arrangement  of  its  particles  to  take  place  (the  heavier  silex  sink- 
ing to  the  bottom)  before  the  next  stratum  was  superimposed;  s 
process  formerly  suggested  by  Dr.  Buckland.* 

A  more  difficult  enigma  is  presented  by  the  occurrence  of  certsin 
btige  flints,  or  potstones  as  they  are  called  in  Norfolk,  occurring 
singly,  or  arranged  in  nearly  continuous  columns  at  right  angles  to 
the  ordinary  and  horizontal  layers  of  small  flints.  I  visited,  in 
the  year  1825,  an  extensive  range  of  quarries  then  open  on  the  river 
Bure,  near  Horstead,  about  six  miles  from  Norwich,  which  afforded 
a  continuous  section,  a  quarter  of  a  mile  in  lengtii,  of  white  chilk, 
exposed  to  the  depth  of  26  feet,  and  covered  by  a  thick  bed  of 
gravel.    The  potstones,  many  of  them  pear-shaped,  were  nsnilly 

*  OeoL  Tnni.,  Firat  series,  to!,  it.  p.  418. 
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about  three  feet  in  height,  and  one  foot  in  their  tnmsTcrse  diameter, 
(diced  in  verticiil  rows,  Uke  pillars  at  irregulu  distances  from  each 


other,  bat  usually  from  20  to  30  feet  apart,  though  aometimes  nearer 
together,  aa  in  the  above  sketch.  These  rows  did  not  terminate 
downwards  in  anj  instance  which  I  conld  examine,  nor  upwards, 
except  at  the  point,  where  the;  were  cnt  off  abruptly  bj  the  bed  of 
graveL  On  breaking  open  the  potstones,  I  foond  an  internal  cylin- 
drical QOcleiiB  of  pore  chalk,  much  hard«:  than  the  ordinary  sur- 
rounding chalk,  and  not  crumbling  to  pieces  like  it,  when  exposed  to 
the  winter's  frost.  At  the  distance  of  half  a  mile,  the  vertical  piles 
of  potstones  were  much  farther  apart  from  each  other.  Dr.  Buckland 
kts  described  very  umilar  phenomena  as  characterizing  the  white 
cfaalk  on  the  north  coast  of  Antrim,  in  Ireland.* 


FOSSILS  Olt  TBE  CFPEB  CSETACEOUS  BOCKS. 

Among  the  fossils  of  the  white  chalk,  echinodenns  an 


Jnamlitif  omfiu.    WhlU  cbdk,  app< 
'ui<  tlKll  on  vhlch  both  Ihg  ml  iixl  u 


*  GeoL  Tnuu.,  Fint  lerie*,  vol.  it.  p.  <I3.,  "  CNi  Pwamoadni,  &c.' 
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meraus;    uid  some  of  the  geoera,  like  AnaiKhyla  (see  fig.  263.), 
tie  excliuiTelj  cretueoos.     Among  the  CrinoideB,  the  Jtfam^Ue 


ttlettila  etr  annniiw.  Cd 

WnUtcbiS.  WHlucb 

(fig.  260.)  IB  a  charactenBtic  genus.  Among  the  moUaeca,  the  cepha- 
lopoda, or  chambered  univalves,  of  the  genen  Ammonite^  Sc^ihil^ 
Belemnite,  (fig.  256.)  Baculite,  (257.-259.)  and  TumKte,  (262, 263.) 
with  other  allied  forms,  present  a  great  contrast  to  the  teatacea  of 
the  same  clsaa  in  the  tertiBry  and  recent  periods. 

FIf.  MS. 

k  Suii,  ikoii^  tiKHiKl  MnKtm.  HuitrtcU,  Fuim,  ud  vhlt*  dulk. 
FI|.  OT. 

^4^SWJ.W.'.uuu.iUL>. 
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Wfitu  clulk.  mul  siappH  Cnn  Sod, 
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t.  FrifTnvit  of  TmrrfUtei  eottaiut. 


Among  the  brftcUopoda  in  the  white  chalk,  the  Terebratula  are 
Terj  ftbundant     These' shells  are  known  to  live  at  the  bottom  of  the 


*,  where  the  water  ia  tranquil  and  of  Home  depth  (see  figs.  264. 
SS,  266,  267,  268.).    With  these  are  assomated  some  formB  of  ojBter 


Ttntranit  Upliaua, 
HO-    Unicr  cTcUcKiu 


(•M  figs.  275,  276,  277.),  and  other  bivalveB  (figs.  269.  270,  271, 
272,273.). 

Among  the  bivalve  molluEca,  no  form  marlcB  the  cretaceous  era  in 
wope,  America,  and  India  in  a  more  striking  manner  than  the 
atinctgenas7fKMwraNit(((Ca<iUutof  Lam.:  see  fig.  274.),  the  shells 
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of  which  are  dietiaguished  b;  ft  fibrous  teztnre,  uid  are  onen  met 
with  in  fragmests,  having,  probably,  been  extremely  friable. 


mama  tftnonm,  Ssv. 
SpmbrAu  nteaau. 


Of  the  singnlar  family  called  Ritdutei,  by  Lamarck,  hereafter  to 
be  mentioned  at  extremely  characteristic  of  the  chalk  of  Southern 


.     Sya.  Orgplima  glataia. 


Whit.  CluJk  (Dlion't  CoL  Sumu.  Ti*. «. 


Europe,  a  single  repreBentative  only  (fig.  276.)  has  been  discoTered  ir 
the  white  chalk  of  England. 


,h,Coo<^lc 


HOLLDSCA,  BRTOZOA,  8POHOES. 
Fif.  V*.  Fig.  m. 


AaUDMtet  Jfortoof.  UmulL    Hoocbtai.  Bnuti.    Wblucbilk. 
nt-  m.  Tn  iBdMduli  dtpr<TBl  otibtli  uppni  tiIih.  tdhidiit  lofitbH. 

Oalhiilit>>)wr>Uieil»Uktl>li>DiU.  Ibm li od< nurnal  Idrroiiid  corrHpaodlnt  lotinul 
'^■B*>  AiVtA^tTa.  979.  \  but  (her  v>  olluUf  Iru  prominnt  thu  In  IlicM  flaurH,  TMi  iwkIbi 
•■  tm  rrfnnil  In  Muull  to  Hiryvaa.  ^enrirdi  to  Ihi  nnui  JUttiWIn.  I  )uii  nnn  teen 
>D>  Brpei  •*!».    Tta  (pKliiHil  abiiTc  Bfund  wu  diKoxred  bj  Ihi  lu*  Mr.  Dlion. 

With  these  molluscs  an  Msodated  mtaj  BijoEoa,  ancfa  u  Et' 
cWa  ud  Eteharina  (figs.  282,  283.),   which  ftre  alike   muiite. 


^^  For  the  moat  part,  iodicative  of  a  deep  ten.     These  and  other 
M^ic  bodies,  espeoiallj  spongea,  anch  as    VeTttrieuHles  (fig.  284. 
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and  Sipkonia  (Sg.  286.),  ue  dispersed  indifferentJf  through  the 
soft  chiilk  and  hard  flint,  and  some  of  the  flint7  noddles  owe  ^eir  ir- 
regnlar  iorma  to  indooed  sponges,  snch  as  fig.  285.  a.,  where  the  hol- 
lows in  the  exterior  are  caused  b7  the  branches  of  a  sponge,  seen  on 
bi«aking  open  &a  flint  (fig.  285.  b.). 

FIcMfi. 


S^flawiamrt- 


The  remuns  of  fishes  of  the  Upper  Cretaceous  formations  o 
chiefly  of  teetb  of  the  shark  fomily  of  genera,  in  part  conimoD  t 


Port  Jack  IDD.    Bueklud.  Brl<l«*H 


terijary,  and   partly  distinct.     To  the    latter    belongs    the   genns 
Ptj/ehedut  (flg.287.),  which  is  allied  to  the  liring  Port  JacksOT 

i,i,,,,,-..i.,Coo>;[e 
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Shsii,  Catraeion  FfUBippi,  the  ulterior  teeth  of  whieh  (see  flg.  288.  a) 
ve  ihirp  Knd  cutting,  while  the  poBterior  or  pklatal  teeth  (()  are  6»t, 
and  uulogons  to  the  foeeil  (fig.  287.)- 

Bat  we  meet  with  no  bones  of  land  animala,  nor  uij  terrestrial 
or  f  nriatile  shells,  nor  any  pUnts,  except  sea-weeds,  and  here  and 
there  a  piece  of  drifl  wood.  All  the  appearances  concur  in  leading 
9S  to  condade  that  the  white  chalk  was  the  prodnct  of  an  open  sea 
of  considerable  depth. 

Hie  oziatence  of  turtles  and  oTiparouB  aaorians,  and  of  a  Ptero- 
dlc^I  or  winged-lizard,  found  in  the  white  chalk  of  Mudatone,  im- 
pHe^  no  doubt,  some  neighbooring  land;  but  a  few  small  islets  in 
mid-ocean,  like  Ascension,  formerlj  so  much  frequented  hj  migratory 
dorres  of  turtle,  might  perhaps  luve  afforded  the  reqn^«d  retreat 
where  these  creatures  l^d  their  eggs  in  the  sand,  or  trtaa  which 
dK  f  jing  species  may  have  been  blown  out  to  sea.  Of  the  vegetation 
of  (Dch  islands  we  have  scarcelj  any  indication,  bat  it  consisted 
putly  of  cycadeouB  plants  ;  for  a  fragment  of  one  of  these  was  found 
b]r  Capt  Ibbetson  in  the  chalk  marl  of  the  Isle  of  Wight,  and  is 
nfetred  hj  A.  Brongoiart  to  Clathraria  LytUii,  Mantell,  a  species 
vmmoa  to  the  ante(»deat  Wealden  period. 

The  Pterodactyl  of  the  Kentish  chalk,  above  alluded  to,  was  of 
gigutic  dimensionB,  meaanring  16  feet  6  incbes  from  tip  to  tip  of  its 
DQtstretched  wings.  Some  of  its  elongated  bones  were  at  first  mis- 
taken l^  able  anatomists  for  those  of  birds  ;  of  which  class  no  osseona 
ranains  seem  as  yet  to  hare  been  derived  from  the  chalk,  or  indeed 
horn  inj  secondary  or  primary  formation,  except  perhaps  the  Wealden. 

Upper  grtetuaiid  (Table,  p.  105.  &c). — The  lower  chalk  without 
ffints  passes  gradually  downwards,  in  the  south  of  England,  into  an 
i^illBeeonB  limestone,  "the  chalk  marl,"  already  alladed  to,  in 
which  ammonites  and  other  cephalopoda,  so  rare  in  the  higher  parts 
of  the  series,  appear.  This  marly  deposit  passes  in  its  turn  into  beds 
eslled  the  Upper  Greenaand,  containing  green  particles  of  sand 
ti  t  chloritic  mineraL  In  parts  of  Sorrey,  calcareous  matter  is 
lugely  intermixed,  forming  a  stone  called  Jimtont.  In  the  cliffs 
of  the  sontbem  coast  of  the  Isle  of  Wight^  this  upper  greenaand  is 
100  feet  tiiick,  and  contains  bands  of  siliceous  limestone  and  calca- 
reous sandstone  with  nodules  of  chert. 

The  Upper  Greenaand  is  regarded  by  Hr.  Austen  and  Mr.  D. 
Sharpe,  as  a  littoral  deposit  of  the  Chalk  Ocean,  and,  therefore,  con- 
temporaneous with  part  of  the  chalk  marl,  and  eveu,  perhaps,  with 
MNDB  part  of  the  white  chalk.  For  as  the  land  went  on  sinking,  and 
the  cretaceous  sea  widened  its  area,  white  mud  and  chloritic  sand 
were  always  forming  somewhere,  but  the  line  of  sea-shore  was 
perpetnally  vuying  its  position.  Hence,  though  both  sand  and 
mud  originated  simultaneously,  the  one  near  the  land,  the  other  far 
from  it,  the  sands  in  every  lociii^  where  a  shore  became  submerged, 
might  eonatitute  the  underlying  depodt 

GmiL — The  lowest  member  of  the  upper  Cretaceoua  group,  UBuaUy 
■boot  100  feet  thick  in  the  S.K  of  Ei^land,  is  prorindally  termed 
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Gftolt.     It  consists  of  «  d«rk  blue  marl,  aometiiiies  intermixed  with 
greensaod.    Uan;  peculiar  fonns  of  cephalopoda,  sach  as  the  HamiU 


y  Sam*,  mn  Jn  proBl*.  J     France. 


(fig.  291.)  and  SeaphUe,  with  other  foBsils,  characteriie  this  fomi' 
ation,  which,  amaU  as  is  iU  thickness,  con  be  traced  bj  its  OT^anic 
remfuns  to  distant  parts  of  Europe,  as,  for  example,  to  the  Alps. 

The  BJaehdoum  bed*  in  Dorsetshire,  celebrated  for  containing 
man^  species  of  fossils  not  found  elsewhere,  have  been  commonlf 
referred  to  the  Upper  Greensand,  which  the;  resemble  in  miuer^ 
character;  but  Hr.  Sharpe  has  suggested,  and  spparentl;  with 
reason,  that  they  arc  rather  the  equivalent  of  the  Gault,  and  were 
probably  formed  on  the  shore  of  the  sea,  in  the  deeper  parts  of 
which  die  fine  mud  called  Gault  was  deposited.  Several  Blackdown 
spedes  are  common  to  the  Lower  cretaceous  series,  as,  for  ex- 
ample, Trigonia  caudata,  fig.  299.  We  learn  from  M.  lyArchiac, 
that  in  France,  at  Mons,  in  the  valley  of  the  Loire,  strata  of  green- 
sand  occur  of  the  same  age  as  t}ie  Blackdown  beds,  and  containing 
many  of  the  same  fossils.  They  are  also  regarded  as  of  littoral 
origin  by  M.  lyArchiftc.' 

The  phosphate  of  lime,  found  near  Faroham,  in  Surrey,  in  such 
abundance  as  to  be  used  largely  by  the  agriculturist  for  fertalisiDg 
soils,  occurs  exclusively,  according  to  iSi.  E.  A.  C.  Austen,  in  the 
upper  greensand  and  gault.  It  is  doubtless  of  animal  origin,  and 
partly  coprolitic,  probably  derived  from  the  excrement  of  fi^ 

•  Bitt.  dea  Progr^s  de  I&  Gcol.,  &c,  voL  it.  p.  360.,  IBfiU 
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HIPPDBITB  LIMEBTONB. 


EaPPURTTB  LIMESTONE. 

Difference  between  the  ehalk  of  the  north  and  south  of  Europe.  — 
By  tlie  »d  of  the  three  tests  of  relative  age,  Dsinely,  superposition, 
mineral  cbaracter,  and  fossils,  the  geologist  has  be«n  enabled  to  refer 
to  the  sftioe  Cretaceoos  period  certain  rocks  in  the  north  and  south 
of  Europe,  which  differ  greatl;,  both  in  their  fossil  contents  and  in 
th^  mineral  composition  and  structure. 

If  we  attempt  to  tntce  the  cretaceous  deposits  from  England  and 
Fnnce  to  the  conntries  bordering  the  Mediterranean,  we  perceire, 
in  the  first  place,  that  the  chalk  and  greeDsand  in  the  neighbourhood 
of  London  and  Paris  form  one  great  continuous  mass,  the  Straits  of 
DoTer  being  a  trifling  intermption,  a  mere  vallej  with  chalk  cliffs  on 
both  sides.  We  then  observe  that  the  main  body  of  the  chalk  which 
snrronnds  Puis  stretches  from  Tours  to  near  Poitiers  (see  the  annexed 
map,  flg.  292.,  in  which  the  shaded  part 
Fif-  M».  represents  chalk). 

Between  Poitiers  and  La  Bochelle, 
I  the  space  marked  A  on  the  map  sepa- 
rates two  regions  of  chalk.  This  space 
is  occupied  hj  the  Oolite  and  certun 
other  formations  older  than  the  Chalk, 
and  has  been  supposed  b}*  M.  E.  de 
Beaumont  to  have  formed  an  island  ia 
the  cretaceous  sea.  Soath  of  this  space 
I  again  meet  with  a  formation  which 
we  at  once  recognize  bj  its  mineral 
character  to  be  chalk,  although  there 
I  some  places  where  the  rock  becomes 
oolitic.  The  fossils  are,  upon  the  whole, 
very  similar ;  especially  certain  species 
of  the  genera  Spatangua,  Ananchytet, 
Cidarites,  Nttcula,  Ottrea,  Gryphaa 
{Exoffyra),  PecleTi,  Plagwloma  {Lima), 
Trigonia,  Catithu  (Inoeeramta),  and 
Terebrafula.*  Bnt  ./^moniteif  as  U. 
d'Arcbiac  observes,  of  which  so  many  species  are  met  with  in  the 
chalk  of  the  north  of  EVance,  are  scarcely  ever  found  in  the  southern 
r^on ;  while  the  genera  Batnile,  Turrilite,  and  Scaphite,  and  per- 
haps BeiemniU,  are  entirely  wanting. 

On  the  other  band,  certain  forms  are  common  in  the  south  which 
are  rare  or  wholly  unknown  in  the  north  of  France.  Among  these 
may  be  mentioned  many  Hippuritet,  Sphtsrulilet,  and  other  mem- 
bers of  that  great  family  of  mollusca  called  RutUttei  by  Lamarck,  to 
which  nothing  atialt^us  has  been  discovered  in  the  living  creation, 
but  which  is  quite  characteristic  of  rocks  of  the  Cretaceous  era  in 
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the  south  of  France,  Spain,  Sicily,  (Jreece,  tfnd  other  couDtries  border- 
ing the  Mediterranean. 


HipptaHtrt  orgmni*amt,  DefmodUai, 

Upper  chBifc:—ebi]kiHui  of  PyrcBpw?* 

■.  Vmuf  EftdlvlduBl;  whsn  f uU  fTDwii  Ehvj  occur  In  cmpi  BdbwtBf 

,  k.  Upper  lUle  at  che  upper  ttlit,  ihevinf  ft  reticotftUM  itrtKliif*  Id 

itKHflpvli*  A.  wbeTeih«eitem»I  cofttlnf  la  worn  off, 
t.  Upper  «d  or  opnilnB  of  tb«  lower  mad  nUndrJci]  TAlve 
d.  Cut  of  llie  Interior  of  Ilia  lowir  iioaic*l  rmltm. 

The  species  called  Hippuriiet  organaam  (6g.  295.)  is  more  sbaii- 
duit  than  anj  other  in  the  sonth  of  Europe ;  and  the  geologist  sboald 
make  himself  well  acquainted  with  the  cost  d,  which  is  far  more 
common  in  many  compact  marbles  of  the  upper  cretaceous  period 
than  the  shell  itself,  this  having  often  wholly  disappeared.  Tlie 
flutings,  or  smooth,  rounded,  longitudinal  ribs,  representing  the  form 
of  the  interior,  are  wholly  unlike  tlie  Hippurite  itself,  and  in  bohu 
individuals  attain  a  great  size  and  length. 

Between  the  region  of  chalk  lost  mentioned,  in  which  Periguem 
is  situated,  and  the  Pyrenees,  the  space  B  intervenes.    (See  Mifs 


*  lyOrbignj'a  Palfontolc^ie  Fnnfiiiei  pL  533. 
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fig.  292.)-  Hci^  *^  tertUrj  itnte  oover,  and  for  the  moat  put  con- 
cnl,  the  cretacecHU  rocks,  except  in  some  spots  where  they  have  been 
lud  <^»eD  hj  the  denodation  of  the  newer  formations.  In  these  places 
tb^  are  seen  atill  preBerring  the  form  of  a  white  chalky  rock,  which 
is  dialled  in  part  with  grains  of  greensand.  Even  as  far  south  as 
Tercis,  on  the  Adour,  near  Dax,  cretaceous  rocks  retua  this  cha- 
racter where  I  examined  them  in  1S28,  and  where  M.  Grateloup 
has  fonod  in  them  Anoitohytet  otiata  (flg.  253.),  and  other  fossils  of 
the  English  chalk,  together  with  BtppuriUt. 

CBBTMKODS  BOOKS  IK  TBB  DnTBD  STATES. 

If  we  pass  to  the  American  continent,  ve  find  in  the  state  of  New 
Jersey  a  series  of  sandy  and  ar^llaceous'  beds  whoDy  nnlike  onr  Upper 
Cretaceous  sjrstm ;  which  we  can,  neTcrthefess,  recogniee  as  refer- 
able, pftleoatologically,  to  the  same  division. 

That  they  were  about  the  same  age  generally  as  the  £unq>ean 
chalk  and  greensand,  was  the  conclusion  to  which  Dr.  Morton  and 
Ur.  Conrad  came  after  their  investigation  of  the  fossils  in  1834. 
Ihe  strata  consist  chiefly  of  greensand  and  green  marl,  with  an  over- 
lying coralline  limestone  of  a  pale  yellow  colour,  and  the  fossils,  on 
the  whole,  agree  moat  nearly  with  those  of  the  upper  European  series, 
from  the  Maestricht  beds  to  the  ganlt  inclusive.  I  collected  sixty 
shells  from  the  If  ew  Jersey  deposits  tn  1841,  five  of  which  were  iden- 
tical with  European  species  — Oitrea  larva,  O.  veticularit,  Grypkaa 
eoMtata,  Pecten  quinque-eostatui,  BeUnutitet  mueronatta.  As  some 
of  these  have  the  greatest  vertical  range  in  Europe,  they  might  be 
expected  more  than  any  others  to  recur  in  distant  parts  of  the  globe. 
Even  where  the  species  are  different,  the  generic  forms,  such  as  the 
£acnlite  and  certain  sections  of  Ammonites,  as  also  the  Inoctrotmu 
(see  above,  fig.  274.)  and  other  bivalves,  have  a  decidedly  cretaceous 
aspect  FifUen  out  of  the  sixty  shells  above  alluded  to  were  regarded 
by  Professor  Forbes  as  good  geographical  representatives  of  well- 
known  cretaceous  fossils  of  Europe.  The  correspondence,  therefor^ 
is  not  small,  when  we  reflect  that  the  part  of  the  United  States  where 
these  strata  occur  is  between  8000  and  4000  miles  distant  from  the 
chalk  of  Central  and  Northern  Europe,  and  that  there  is  a  difference 
of  ten  degrees  in  the  latitude  of  the  places  compared  on  opposite  sides 
of  the  Atlantic* 

^ah  of  tlie  genera  Lam»a,  GaJeut,  and  Canharodtm  are  common 
to  New  Jersey  and  the  European  cretaceous  rocks.  So  also  is  the 
genua  Moiataurut  among  reptiles.  The  vertebra  of  a  Plesiosaurus, 
a  reptile  known  in  the  English  chalk,  had  oAen  been  cited  on  the 
anthority  of  Dr.  Harlan  as  occurring  in  the  cretaceous  marl,  at 
Mullica  Hill,  in  New  Jersey.  But  Dr.  Leidy  has  since  shown  that 
the  bone  in  question  is  not  saorian  but  cetaceous,  and  whether  it  can 
billy  lay  dum  to  the  high  antiquity  assigned  to  it,  is  a  prant  Still 
open  to  discussion.     The  discovery  of  another  mimmfcl  of  the  seal 

*  See  ■  p^sr  b;  the  author,  Qoart.  Joan.  GeoL  Boc  vol  L  p.  79. 
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tribe  (  Stenorkjfnehiu  vetiu,  Leidy),  from  a  lower  bed  in  the  creUceoiu 
Mries  in  New  Jersey,  t^pears  to  rest  on  better  evideace.* 

From  New  Jersey  the  cretaceous  formation  extende  aoothwards  to 
North  Carolina  and  Georgia,  cropping  out  at  Intervak  from  beneath 
the  tertiary  strata,  between  the  Appalachian  Mountains  and  the 
Atlantic.  They  then  sweep  round  the  southern  extremity  of  that 
chain,  in  Alabama  and  Mississippi,  and  stretch  northwards  again  to 
Tennessee  and  Eentnclcy.  They  hare  also  been  traced  far  np  the 
Talley  of  the  Missouri,  as  far  north  as  lat.  48°,  or  to  Fort  Mhi'^k"  ; 
so  that  already  the  area  which  they  are  ascertained  to  occupy  in 
North  America  may  perhaps  equal  their  extent  in  Europe,  and 
exceeds  that  of  any  other  foesiliferous  formation  in  the  United 
States.  So  little  do  they  resemble  mineralogically  the  European 
white  chalk,  that  in  North  America,  limestone  is  upon  the  whole,  an 
exception  to  the  rule  ^  and,  even  in  Alabama,  where  I  saw  a  calca- 
reooB  member  of  this  group,  composed  of  marl-stone,  it  was  more 
like  the  English  and  French  lias  than  any  other  European  secondary 
deposit. 

At  the  base  of  the  system  in  Alabanui,  I  foond  dense  masses  of 
shingle,  perfectly  loose  and  unconsolidated,  derived  from  the  waste  of 
paleozoic  (or  carboniferous)  rocks,  a  mass  in  no  way  distinguiBhable, 
except  by  its  position,  {torn  ordinary  alluvinm,  but  covered  with 
marls  abounding  in  Inocerami. 

Iq  Texas,  according  to  F.  Romer,  the  chalk  assumes  a  new  lltho- 
logical  type,  a  lai^e  portion  of  it  consisting  of  hard  siliceooa  lime- 
atone,  but  the  organic  remains  leave  no  doubt  in  regard  to  its  age,  the 
SacuUta  anceps  and  ten  other  European  species  occnrring  there. 

In  South  America  the  cretaceous  strata  have  been  discovered  in 
Columbia,  as  at  Bogota  and  elsewhere,  containing  Ammonites,  Ho- 
mites,  Inocerami,  and  other  characteristic  shelhkt 

In  the  South  of  ludia,  also,  at  Pondicherry,  Verdachellnin.  and 
Trinconopoly,  Messrs.  Kaye  and  Egerton  have  collected  fbasils  be- 
longing to  the  cretaceous  system.  Taken  in  connection  with  thooe 
from  the  United  States,  they  prove,  says  Prof.  E.  Forbes,  that  those 
poweiful  causes  which  stamped  a  peculiar  character  on  the  forms  t^ 

*  In  the  Prindplsa  of  Geologjr,  ninth  nuk«l  tbe  point  nOher  donbtftil.     Tbe 

ed.  p.  149.,  I  cited  Di.  Leidy  of  Tio-  tooth  of  SlourJ^neAiu  Dcfw,  Sgntcd  br 

laddphia   u   having   described  (Pro-  Lddj   from    a    dmring   of  CoDTsdi 

ceedingB  of   Acad.   NM.  Sd.  Philad.,  (Proceed.  o(  Acad.   Nat.   Sci.   FhiUd. 

18S1)  two  qieciei  of  cetacea  of  a  new  1853,  p.  S77.),  «a»  found  by  Sunoel  B. 

genns  which  be  called  Prucoiiipliatia,  Weltaerill,£8q.,intliegreenund  I^ioiki 

Rom  die  greeniand  of  New  Senej.     In  tonth-eait  of  BniiiDgton,    Ttiia  gentle- 

I8S3, 1  taw  the  two  ntt^na  at  Rilla-  man  related  to  (oe  and  Mr.  Cctmd,  in 

delphia  on  which  thii  new  geooi  was  1663,  the  drcnmitancei  under  which  he 

foniided,  and  afterwards,  with  the  aid  of  met  with  it,  sasocial«d  with  Amwtauita 

Mr.  Conrad,  traced  one  of  them  to  a  placaita,       Ammonita       DAtwaramt, 

Mioctat  marl  pit  in  Cnmberland  eoantj  T^igonia  Aoradat,  Itc    The  tooth  luu 

Bew  Jenef.  The  other  (the  Pleaiosannu  been  mislaid,  but  not  nnlil  ithadezchai 

of  HarUn),  labelled  "  Mullica  Hill"  in  much  iatei«n  and  bad  been  canlaSij 

the  Unsenm,  would  no  donbtbe  an  upper  examined  by  good  soologisla. 

cr«ac«oas  foanl.  if  reallj  derived  from  t  Kocee<liDgioftheOei^8oc.ToI,iT. 

that  locality,  bnt  its  minenl  condition  pL  391. 
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Durine  muiul  life  at  this  period,  exerted  their  (till  intenut^  throngb 
the  ladian,  Eoropeui,  and  American  seas.*  Here,  as  in  North  and 
South  America,  the  cretaceona  character  can  be  recognized  even 
where  there  is  no  specific  identity  in  the  fbsals ;  and  the  same  may 
be  said  of  the  organic  tjpe  of  theae  rocks  in  Europe  and  India  which 
occur  next  to  the  chilk  in  the  ascending  and  descending  order, 
namety  the  Eocene  and  the  Oc^tic. 


CHAPTER  XVIIL 

LOWXB  CWETACKODB  AKS  WKAUIEM  WOtMAnOMB, 

Ziower  GtMOwnd — Twm  "Neownniui" — AtherfleM  lection,  Iile  <rf  Wight — 
"EottSa  of  Lower  Greensmd — Wcalden  Formuion  —  Freshwater  ibata  in- 
tooblcd  Iwtween  two  marina  gioopt  —  Weald  CU7  and  Basting*  Band  — 
Fonil  ibelli,  fiib,  and  i^aata  of  Wealden  — Their  reUiion  to  tbe  Cretacmnu 
type — Owgraphical  ezteat  of  Wealden  —  Horementa  in  the  eanh'i  enut  to 
wUck  tbe  Wealden  owed  it(  origin  ud  mbmeigeaM  —  Ilora  of  the  Lower 
Cretaceoat  and  Wealden  Periods 

The  term  "Lower  Greensand"  has  hitherto  been  most  commonly 
iq>plled  to  such  portions  of  the  Cretaceous  seriee  as  are  older  than  the 
Gault  But  the  name  baa  ofiten  been  complained  of  as  inconvenient, 
and  not  without  reason,  since  green  particles  are  wanting  in  a  large 
part  of  tbe  strata  so  designated,  even  in  England,  and  wholly  so  in 
some  European  countries.  Moreorer,  a  subdivision  of  the  Upper 
Cretaceous  group  has  likewise  been  called  Greensand,  and  to  prevent 
confiision  ^  terms  Upper  and  Lower  Greensand  were  introduced. 
Sach  a  nomendabire  naturally  leads  the  uninitiated  to  suppose  that 
the  two  formations  so  named  are  of  somewhat  co-ordinate  v^ue,  which 
u  BO  far  &om  being  true,  that  the  Lower  Greensand,  in  its  widest 
acceptation,  embraces  a  series  nearly  as  important  as  the  whole  Upper 
Cretaceous  group,  &om  the  Gault  to  the  Maeatricht  beds  inclusive ; 
irliQe  the  Upper  Greensand  is  but  one  subordinate  member  of  this 
same  group.  Many  eminent  geologists  have,  therefore,  proposed  the 
tenn  "Keocomian"  as  a  substitute  for  Lower  Greensand;  because, 
near  yenfcbatel  (Neocomnm),  in  Switzerland,  these  Lower  Green- 
sand strata  are  well  developed,  entering  largely  into  ttie  structure  of 
the  Jura  mountains.  By  the  same  geologists  the  Wealden  beds  are 
iisaally  classed  as  "Lower  Neocomian,"  a  classification  which  will 
not  appear  iaq^propriate  when  we  have  explained,  in  the  sequel,  the 
iotiinale  rdation  of  the  Lower  Greensand  and  Wealden  fossils. 

Dr.  Fitton,  to  whom  we  are  indebted  for  an  excellent  moiu^;raph 
on  the  Lower  Cretaceous  (or  Greensand)  formation  as  deveh^ted  in 

*  See  Torbet,  Qoart.  0«6L  Jonm.  voL  L  p.  79. 
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England,  gives  the  following  u  the  succwdon  of  rocks  seen  in  pwti 
of  Kent 

No.  1.  Sand,  while,  jellowiih,  or  femginoiu,  wflh  coucrationi 

of  limettone  and  chert  -  •  -  -    70  hd. 

3.  SuidwithgieeiinuuUr   -  .  .  -  .    70  to  100  M. 

3.  Calcueooi  Mtoae,  called  Kentiih  rag         '  -  -eotoSOrnc. 

In  his  detuled  deacriplion  of  the  fine  section  diBpUyed  at  Alher- 
field,  in  the  sonth  of  the  Isle  of  Wight,  we  find  the  limestone  wbdlf 
wanting ;  in  fac^  the  variationa  in  the  mineral  composition  of  thi« 
group,  eren  in  contiguous  districts,  is  very  great ;  and  on  comparing 
the  Atherfield  beds  with  corresponding  strata  at  Hjthe  in  Stai, 
distant  95  miles,  the  whole  series  presents  a  most  iliwiiniUr  aspect* 

On  the  other  hand,  Professor  £.  Forbes  has  shown  that  when  Ote 
sixtT'three  strata  at  Atherfield  are  sevenillj  examined,  the  total 
thickness  of  which  he  gives  as  843  feet,  there  are  some  fossils  whidi 
range  through  the  whole  seriee,  odiers  which  are  peculiar  to  parti- 
cular divisions.  As  a  proof  that  all  belong  chronologicallj  to  ope 
system,  he  states  that  whenever  similar  conditions  are  repeated  b 
overlying  strata  the  aame  species  reappear.  Changes  of  depth,  or  of 
the  mineral  nature  of  the  sea-bottom,  the  presence  or  absence  of  lime 
or  of  peroxide  of  iron,  the  occurrence  of  a  muddy,  or  a  sandy,  or  a 
gravelly  bottom,  are  marked  by  the  banishment  of  certain  species 
and  the  predominance  of  others.  But  these  difibrencee  of  conditicms 
being  mineral,  chemical,  and  local  in  their  nature,  have  nothing  to 
do  with  the  extinction,  throi^hont  a  large  area,  of  certain  animals  or 
plants.  The  rule  liud  down  by  this  eminent  ostDralist  for  enabling 
us  to  test  the  arrival  of  a  new  state  of  things  in  the  animate  world, 
is  the  representation  by  new  and  different  species  of  corresponding 
genera  of  moUnsca  or  other  beings.  When  the  forms  proper  to 
loose  sand  or  soft  day,  or  a  stony  or  calcareous  bottom,  or  a  moderate 
or  a  great  depth  of  water,  recur  with  all  the  same  is^ieciee,  (hs 
intervtd  (^  time  has  been,  geologically  speaking,  small,  howevw 
dense  the  mass  of  matter  accumulated.  But  i^  the  genera  remaining 
the  same,  the  species  are  changed,  we  have  entered  npon  a  new 
period ;  and  no  similarity  of  climate,  or  of  gn^rapbical  and  local 
conditions,  can  then  recall  the  old  species  which  a  long  series  oC 
destructive  causes  in  the  animate  and  inanimate  world  has  gradually 
annihilated.  Os  passing  irom  the  Lower  Greensand  to  the  Ganlt, 
we  suddenly  reach  one  of  these  new  epochs,  scarcely  any  of  the 
fossil  species  being  common  to  the  lower  and  upper  cretaceous 
systems,  a  break  in  the  chun  implying  no  doubt  many  misaing  links 
in  the  series  of  geological  monuments,  which  we  may  scnne  day  be 
able  to  supply. 

One  of  the  largest  and  most  abundant  shells  in  the  lowest  strata 
of  the  Lower  Greensand,  as  displayed  in  the  Atherfield  section,  is 

■  Dr.  Fitton,  Qnait  OeoL  JoDm^  able  table  ahowing  the  rertical  range  Df 
ToL  L  p.  ITS.,  IL  p,  es,  and  iiL  p.  asS.,  the  vaiioiu  foaaili  of  the  lower  gnta- 
when  comparative  sectiou  and  •  vala-      sand  at  Atherfield  are  given. 
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the  Urge  Perna  MnUeti,  of  trhich  a  redaced  figure  is  here  given 


In  the  south  of  England,  daring  the  accumulation  of  the  Lover 
€>reensAnd  above  described,  the  bed  of  the  sea  appears  to  have  been 
conlinnally  sinking,  from  the  conunencement  of  the  period,  when  the 
fteghwater  WetJden  beds  were  submerged,  to  the  deposition  of  those 
strata  on  which  the  gault  immediately  reposes. 

Pebbles  of  quartzose  sandstone,  jasper,  and  flinty  slate,  together 
with  grains  of  chlorite  and  mica,  speak  plainly  of  the  nature  of  the 
pre-esisting  rocks,  from  the  wearing  down  of  which  the  Greensand 
beds  were  derived.  The  land,  consisting  of  such  rocks,  was  doubt- 
lew  submerged  before  the  origin  of  the  white  chalk,  a  deposit  which 
originated  in  a  more  open  sea,  and  in  clearer  waters. 

The  fossils  of  the  Lower  Cretaceons  are  for  the  most  part  speci- 
fically distinct  from  those  of  the  Upper  Cretaceous  strata. 

Among  the  former  we  often  meet  with  the  genus  Scaphittt  (flg.  297.) 
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or  Atuylocerai,  wMch  hu  been  ^lUy  described  as  an  ammonite  more 
or  less  nncoiled ;  also  a  furrowed  NautiUtt,  JV.  plictUn*  (fig.  298.),  ZVi- 
^onto  catKdta,  likewise  found  in  the  Bl&ckdown  beda  (see  abore, 
p.  252.),  and  GermlUa,  a  bivalve  genus  allied  to  Avietda. 


'WZALDEN  TORKATION. 

Beneath  the  Lower  Oreensond  in  the  S.  E.  of  England,  a  Greah* 
water  formation  is  found,  called  the  Wealden  (see  Noe.  5  and  6.  M^i, 
fig.  320.  p.  273.),  which,  although  it  occupies  a  email  horiMntal  ana 
in  Europ€v  as  compared  to  the  White  Chalk  and  Greenaand,  ig  never- 
theless of  great  geological  interesl^  eince  the  imbedded  remuns  gire 
UB  some  insight  into  tiie  nature  of  the  terrestrial  fauna  and  flora 
of  the  Lower  Cretaceous  epoch.  Ihe  name  of  Wealden  was  givoi 
to  this  gronp  because  it  was  first  studied  in  parts  of  £ent,  Sorrej, 
and  Sussex,  called  the  Weald  (see  Map,  p.  273.)  j  and  we  are 
indebted  to  Dr.  Mantell  for  having  shown,  in  1822,  in  his  Geology  of 
Sussex,  that  the  whole  group  was  of  fluviatile  origin.  In  proof  <rf 
this  he  called  attention  to  the  entire  absence  of  Ammonites,  Belem- 
nitOB,  Terebratulj^  Echinites,  Corals,  and  other  marine  fosml^  so 
characteristic  of  the  cretaceous  rooks  above,  and  of  the  Oolitic  strata 
below,  and  to  the  presence  in  the  Weald  of  Palndinse,  MeUnin,  and 
various  fluviatile  shells,  as  well  aa  the  bones  of  terrestrial  reptiles  and 
the  trunks  and  leaves  of  land  [dantB. 

The  evidence  of  so  unexpected  a  fact  as  the  infra-position  of  t 
dense  mass  of  purely  freshwater  origin  to  a  deep-sea  deposit  (a  phe- 
nomenon with  which  we  have  unce  become  familiar)  was  leedved, 
at  first,  with  no  small  doubt  and  incredqlity.  But  the  relative  po- 
sition of  the  beds  is  nneqnivocal ;  the  Weald  Clay  being  distinctly 
seen  to  pass  beneath  the  Lower  Greensand  in  various  parts  of  Surrey, 
Kent,  and  Sussex,  and  to  re-appear  in  the  Isle  of  Wight  at  the  base 
of  the  Cretaceous  Series,  bting,  no  doubt,  continuous  far  beneath  the 
surface,  as  indicated  by  the  dotted  lines  in  ~ 
fig.  302. 
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"Hie  Wealden  is  divuible  into  two  misor  grot^  :• 


idiheUjlt 

Sd.  Baitingi  Sum),  chieflj  ireiuceoDB,  bat  in  which  o 

■omacliTauidcalcartotugHu*        -  .  .    400  to  1000  fU 

Another  freshwater  formatioii,  called  the  Pnrbeck,  couisting  of 
varions  limeetones  and  mafia,  containing  distinct  speciM  of  molliucs, 
(^/pridtM,  and  other  fossils,  lies  inunediatelj  beneath  the  Wealden  in 
the  nmth-^ast  of  EngUnd.  Aa  it  ie  now  foiud  to  be  more  nearly 
related,  bj  its  (vgaiiic  remains,  to  the  Oolitic  than  to  the  Cretaoeoos 
Serieo.  it  will  be  treated  of  in  the  20tli  Chapter. 

Weald  Oay. 

The  npper  dirision,  or  Weald  Clay,  is  of  purely  fteshwater  origin. 
Its  highest  beds  are  not  onl^  conformable,  as  Dr.  Fitton  observes,  to 
the  inferior  strata  of  the  Lower  Greensand,  but  of  umilar  mineral 
compotdtion.  To  explain  this,  we  may  suppose,  that,  as  the  delta  of 
a  great  river  was  tranquilly  subsiding,  so  as  to  allow  the  sea  to  en- 
croach upon  the  space  preTiouslj'  occupied  hj  fresh  water,  the  river 
still  continued  to  carry  down  ^  same  sediment  into  the  sea.  In 
confirmation  of  this  view  it  may  be  stated,  that  the  remains  of  the 
Ifftianodon  ManttUt,  a  gigantic  terrestrial  reptile,  very  characteristic 
(^  the  Wealden,  has  been  discovered  near  Mudstone,  in  the  overlying 
Eentiah  rag,  or  marine  limestone  of  the  Lower  Greensand.  Hence 
we  may  infer,  that  some  of  the  saurians  which  inhabited  the  country 
of  the  great  river  continoed  to  live  when  part  of  the  country  had 
become  submerged  beneath  the  sea.  Thu%  in  our  own  timec^  we 
may  suppose  the  bones  of  large  alligators  to  be  firequently  entombed 
in  recent  freshwater  staUa  in  the  ddta  of  the  Ganges.  But  if  part 
o£  that  delta  should  unk  down  so  as  to  be  covered  by  the  sea,  marine 
fbnnations  might  begin  to  accumulate  in  the  same  space  where  fresh- 
water beds  had  previously  been  formed ;  and  yet  tlie  Ganges  might 
still  poor  down  its  turbid  waters  in  the  same  direction,  and  carry 
seaward  the  carcases  of  the  same  species  of  alligator,  in  which  case 
their  bones  might  be  included  in  marine  as  well  as  in  subjacent  fresh- 
water strata. 

The  Ignanodon,  first  discovered  by  Dr.  Mantell,  has  left  more  of 
its  remains  in  the  Wealden  strata  of  tlie  south-eastem  counties  and 
Isle  of  Wight  than  has  any  other  genus  of  associat«d  saurians.  It 
was  an  herbivorous  reptile,  and  regarded  by  Cnvier  as  more  extra- 
ordinary than  any  with  which  he  was  acqounted;  for  the  teeth, 
thongh  bearing  a  great  analogy,  in  their  general  form  and  crenated 
«dges  (see  figs.  303.  a.,  303.  b.),  to  the  modem  Iguanas  which  now 
flrecinent  the  tropical  woods  o!  America  and  the  West  Indies,  ex- 
iuint  many  striking  and  important  difierences.  It  appeals  that  they 
liave  often  been  worn  by  the  process  of  mastication ;  whereas  the 

*  Dr.Fitton,  Owl.  Tniu.  SMond  Sens*,  toL  iv.  p.  930. 
S  3 
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ezbtiiig  herbivoKiiis  reptiles  clip  and  gnaw  off  the  vegetftble  pro- 
ductiona  on  which  they  feed,  but  do  not  chew  them.  Their  teeth 
frequently  present  an  appeanmce  of  having  been  chipped  off,  bot 
never,  like  the  foasil  teeth  of  the  Iguanodon,  have  a  flat  grtmnd 
surface  (see  fig.  304.  b.),  reeembliog  the  grinders  of  herbiTonnu 


maminaliiv.  Dr.  Mantell  computes  that  the  teeth  and  bones  of  tbii 
species  which  passed  under  bis  examination  during  twenty  yean 
must  have  belonged  to  no  less  than  seventy-one  distinct  individnik, 
varying  in  age  and  magnitude  from  the  reptile  just  burst  from  the 
egg,  to  one  of  which  tbe  femur  measured  24  inches  in  circom- 
ference.  Tet,  notwithstanding  that  tbe  teetb  were  more  numeroas 
than  any  other  bones,  it  ie  remarkable  that  it  was  not  until  the  relics 
of  all  these  individuals  had  been  found,  that  a  solitary  example  of 
part  of  a  Jaw-bone  was  obtained.  More  recently  remains  both  of  the 
upper  and  lower  jaw  have  been  met  with  in  the  Hastings  Beds  in 
Tilgate  Forest  Their  alee  was  somewhat  greater  than  bad  been 
anticipated,  and  Dr.  Mantell,  who  does  not  agree  with  Professor 
Owen  that  the  tail  was  shor^  estimates  the  probable  length  of  some 
of  these  sanriana  at  between  50  and  60  feet  The  largest  femur  yet 
found  measures  4  feet  8  inches  in  length,  tbe  circumference  of  tbe 
shaft  being  25  inches,  and,  if  measured  round  the  condyles,  42  inches. 

Occasionally  bands  of  limestone,  called  Sussex  Marble,  occur  in 
the  Weald  Clay,  almost  entirety  composed  of  a  species  of  Falti^a, 
closely  resembling  tbe  common  P.  vivipara  of  English  rivers. 

Shells  of  the  Cyprit,  a  genus  of  Crnstaceans  before  mentioned 
(p.  81.)  as  abounding  in  lakes  and  ponds,  are  also  plentifully  scat- 
tered through  the  days  of  the  Wealden,  sometimes  producing,  like  . 
plates  of  mica,  a  tbin  lamination  (see  fig.  307.).  Similar  cypris- 
bearing  marb  are  found  in  the  lacustrine  tertiary  beds  of  Anvergne 
(see  above,  p.  200.). 
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Wnld  eUj  with  Cjgiridci. 


Hattingi  Sands. 

This  lower  dindon  of  the  Weslden  consists  of  sand,  calciferoua 
grit,  clay,  and  shale;  the  ai^Uaceous  strata,  notvrithstftnding  the 
name,  being  nearly  in  the  same  proportion  u  the  arenaceous.  The 
calcareous  sandstone  and  grit  of  lllgate  Forest,  near  Cuckfield,  in 
which  the  remains  of  the  Iguanodon  and  Hybeosaanis  were  first 
Found,  coDStitnte  an  upper  member  of  this  forma^oa.  The  white 
"  sand-rock  "  of  the  Hasluigs  clifls,  about  100  feet  thick,  is  one  of 
the  bwer  members  of  the  same.  The  reptiles,  which  are  verj  abnn- 
ilant  in  this  division,  consist  parti;  of  saurians,  already  referred  by 
Otren  and  Mantell  to  eight  genera,  among  which,  besides  those 
iHitaAj  enumerated,  we  find  the  Megalosaurus  and  Flesiosaurus. 
The  Fterodactyl  also,  a  flying  reptile,  is  met  with  in  the  same  strata, 
■nd  many  remains  of  Cbelonians  of  the  genera  Trioi/nx  and  Emyi, 
now  confined  to  tropical  regions. 

The  fishes  of  the  Wealdeu  are  chiefly  referable  to  the  Ganoid  and 
Placoid  orders.  Among  them  the  teedi  and  scales  of  Lepidolut  are 
most  widely  diffused  (see  fig.  308.).    These  ganoids  were  allied  to 


LffUona  ItamulH.  t 

the  Lepidotteu*,  or  Gar-pike,  of  the  American  rivers.  The  whole 
body  was  covered  with  large  rhomboidal  scales,  very  thick,  and 
having  the  exposed  part  coated  with  enamel.  Most  of  the  species  of 
this  genua  are  supposed  to  have  been  either  river-fish,  or  inhabitants 
of  the  seft  at  the  motith  of  estuaries. 

Tlie  shells  of  the  Hastings  beds  belong  to  the  genera  Melanopai», 
Mekmia,  Batitdiita,  Cyrena,  Cyelas,  Unto  (see  fig.  309.),  and  othei«, 
which  inhabit  rivers  or  lakes ;  but  one  band  has  been  found  at 
Pnnfield,  in  Dorsetshire,  indicating  a  brackish  state  of  the  ivater, 
where  the  genera  Corivla  (see  fig.  SIO.),  Myiiltu,  and  Ostrta  occur ; 
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and  in  some  places  this  bed  becomes  purely  marine,  the  apedea 
being  for  the  most  part  peculiar,  but  several  of  them  -well-known 
Lower  Greensand  fossils,  among  which  AmMonilet  Dethayetn  m>y 
be  mentioned.  These  facts  show  how  closely  related  were  the  fknnu 
of  the  Weatden  and  Cretaceons  periods. 

At  different  heights  in  the  Hastings  Sand,  we  find  again  sod 
^ain  slabs  of  sandstone  with  a  strong  ripple-mark,  and  between 
these  slabs  beds  of  day  many  jards  thick.  In  some  places,  as  at 
Stammerham,  near  Horsham,  there  are  indications  of  this  clsj 
having  been  exposed  so  as  to  dry  and  crack  before  the  nest  layer 
was  thrown  down  npon  it.  The  open  cracks  in  the  clay  bive 
served  as  moulds,  of  which  casts  have  been  taken  in  relief  taA 
which  are,  therefore,  seen  on  the  lower  surface  of  the  sandstone 
(see  flg.  311.). 


Near  the  same  place  a  reddish  auidstone  occurs  in  which  tR 
innumerable  traces  of  a  fossU  vegetable,  i^parently  SpkmopUru,  the 
stems  and  branches  of  which  are  disposed  as  if  the  plants  were 
standing  erect  on  the  spot  where  they  originally  grew,  the  sand 
having  been  gently  deposited  upon  and  around  them ;  and  similar 
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^peknncea  h&re  been  remuked  in  other  places   in  this  fornu- 

nf.iii  tioQ.*    Id  the  tame  diTision  ftlao  of 

the  Wealden,  at  Cnckfield,  is  a  bed 

of  gravel  or  conglomerate,  coniiBlang 

r  of  water-worn  pebbles  of  quart):  aad 

jasper,  with  rolled  bonea  of  reptiles. 

These  mnst  have  been  drifted  hj  a 

current,  probably  in  water  of  no  great 

From  such  facts  we  mvjr  infer  that, 
^timm  fndh,  (Piiuw).  from  ft*     notwitiutandisff  the  (creat  thickness  of 

d^thmSmdiiuuTuabrklpi  Willi.     ^,.     ,,    ,  .  .°       yJ*    ,,         .,  ,     , 

..  .  ponton  of  u..  H.  mM^tA  *•«»  division  of  the  Wealden,  the  wh<Je 
of  it  was  a  deposit  in  water  of  a  huh 
derate  depth,  and  often  eztremely  shallow.  Hiis  idea  may  seem 
startling  at  first,  yet  snch  would  be  the  natural  conseqaence  of  a 
gradual  and  oontinnoaB  sinking  of  the  ground  in  an  estuary  or 
bay,  into  which  a  great  river  dischai^ed  its  turbid  waters.  By 
eackfiwi  of  subsidence,  the  fundamental  rock  would  be  depressed 
one  foot  farther  from  tiie  sorfnce }  but  the  bay  would  not  be  deep- 
ened, if  newly  deposited  mud  and  sand  should  raise  the  bottom 
one  fbot  On  the  contrary,  such  new  strata  of  sand  and  mud 
might  be  frequently  laid  ^  at  low  water,  or  overgrown  for  a 
uaeon  by  a  vegetatkia  proper  to  marshes. 

Area  of  ike  fFealdtn.  — ■  In  regard  to  the  geographical  extent 
of  the  Wealden,  it  cannot  be  accurately  laid  downt  because  bo 
much  of  it  is  concealed  beneath  the  newer  marine  formations.  It 
has  been  traced  about  200  English  miles  from  west  to  east,  from 
the  coast  of  Dorsetdiire  to  near  Boulogne,  in  France ;  and  nearly 
200  miles  from  north-west  to  south-east,  from  Surrey  and  Hamp- 
dure  to  Beauvais,  in  France.  1£  the  formation  be  continuous 
throughout  this  space,  which  is  very  doubtful,  it  does  not  follow 
ttist  the  whole  was  contemporaneous ;  because,  in  all  likelihood, 
the  phjsical  geography  of  the  region  underwent  frequent  changes 
throughout  the  whole  period,  and  the  eetuary  may  have  altered 
its  form,  and  even  shifted  its  place.  Dr.  Dnnker,  of  Cassel,  and 
H.  Too  Heyer,  in  an  excellent  monc^raph  on  the  Wealdens  of 
Hanover  and  Westphalia,  have  shown  that  they  correspond  so 
closely,  not  only  in  their  fossils,  but  also  in  their  mineral  characters, 
with  ihe  English  series,  that  we  can  scarcely  hesitate  to  refer  the 
rtole  to  one  great  dett&  Even  then,  the  magnitude  of  the  deposit 
may  not  exceed  that  of  many  modem  rivers.  Thus,  the  delta  of  the 
Qooira  or  Niger,  in  Africa,  stretches  into  the  interior  for  more  than 
170  miles,  and  occupies,  it  is  supposed,  a  space  of  more  than  300 
Holes  along  the  coast,  thus  forming  a  surface  of  more  than  25,000 
square  mites,  or  equal  to  about  one  half  of  England.!  Besides,  we 
Ww  no^  in  sach  cases,  how  far  the  fluviatHe  sediment  and  organic 
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remsins  of  &.t  river  and  the  land  mxj  be  carried  ont  £n>m  tiie  cowt, 
and  spread  over  the  bed  of  the  gea.  I  have  shown,  when  treating  ot 
the  Uisdsaippi,  that  a  more  ancieat  delta,  inclnding  species  of  sbelle, 
such  u  now  inhabit  Loniaiana,  has  been  aprueed,  and  made  to  oc- 
cupy a  wide  get^raphical  area,  while  a  newer  delta  is  forming  * ;  snd 
the  possibilitj  of  such  moTements,  and  their  effects,  moat  not  be  lost 
sight  of  when  we  speculate  on  the  origin  of  the  Wealden. 

If  it  be  asked  where  the  continent  was  placed  from  the  rains  of 
which  the  Wealden  strata  were  derived,  and  by  the  drainage  of  which 
a  great  river  was  fed,  we  are  half  tempted  to  speculate  on  the  fomer  < 
existence  of  the  Atlantis  of  Plato.  The  storjr  of  the  snbmeigence  i^ 
an  ancient  continent,  however  fabulous  in  history,  must  have  been 
true  again  and  again  as  a  geological  event. 

The  real  difficulty  consists  in  the  persistence  of  a  large  hydro- 
graphical  basin,  from  whence  a  great  body  of  fresh  valer  was  poored 
into  the  sea,  precisely  at  a  period  when  the  neighbonring  area  of  the 
Wealden  was  gradually  going  downwards  1000  feet  or  more  perpen- 
dicnlarly.  Kthe  adjoining  land  participated  in  the  movement,  how 
could  it  escape  being  aubmerged,  or  how  could  it  retain  its  siie  and 
altitude  so  as  to  continue  to  be  the  source  of  such  an  inezhansdble 
supply  of  fresh  water  and  sediment?  In  answer  to  this  quesdon, 
weare  fairly  entitled  to  suggest  that  the  neighbonring  land  msy 
have  been  stationary,  or  may  even  have  undergone  a  contemptxa- 
neons  slow  npheavaL  There  may  have  been  an  aeoending  move- 
ment in  one  region,  and  a  descending  one  in  a  contiguous  pantile! 
zone  of  country ;  just  as  the  northern  part  of  Scandinavia  is  now 
rising,  while  the  middle  portion  (that  south  of  Stockholm)  is  nn- 
moved,  and  the  southern  extremity  in  Scania  is  sinking,  or  >t 
least  has  sunk  within  the  historical  period.^  We  mus^  neverthekes, 
conclude,  if  we  adopt  the  above  bypotbests,  that  tbe  depression  of 
the  land  became  general  throughout  a  large  part  of  Europe  at  the 
close  of  the  Wealden  period,  and  this  subsidence  brought  in  the  cre- 
taceous ocean. 


VLOKA.  OF  THE  LOWEB  CSETACEOCS  AKD  WS11.DKN  PERIOD. 

The  terrestrial  plants  of  the  Upper  Cretaceous  epoch  are  bnt 
little  known,  as  might  be  expected,  since  the  rocks  are  of  purely 
marine  origin,  formed  for  the  most  part  far  from  land.  But  the 
Lower  Cretaceous  or  Neocomian  vegetation,  inclnding  that  of  the 
Weald  Clay  and  Hastings  Sands,  is  by  no  means  scanty.  U.  Adolpbe 
Brongniarl,  when  dividing  the  whole  fossiUf^xms  series  into  three 
groups  in  reference  solely  to  fossil  plants,  has  named  the  primaiy 
strata  "the  age  of  acrogens;"  the  secondary,  exclusive  of  tlic 
cretaceous,  "the  age  of  gymnogens;"  and  the  third,  comprisiDg 

*  Bm  abore,  p.  84.;  and  Second  Tiiit  GeoL  Soc  IB50,  Qoart.  Qeid.  Joan, 
to  the  IT.  &  T(ri.  il.  chq>.  xzziv.  Td.  vi.  p.  Bl. 

t  Seeihe  Ao(h<M'sJUmiT«n.AddreM, 
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the  cretaceonB  and  Utrtiaty,  "  the  age  of  uigioeperms."'  He  c(a- 
siden  the  lower  cretaceous  flora  aa  displaying  a  transitional  cba- 
ncter  from  tliat  of  a  secondarj  to  that  of  a  tertiaij  regetalion. 
Gmifera  and  Cycadea  (or  Gymnogens)  still  flooriahed,  as  in  the 
preceding  oolitic  and  trisssic  epochs ;  but,  together  with  these,  some 
well-marked  leares  of  dicotyledonons  trees,  of  a  genus  named 
Crtdneria,  hare  long  been  known.  Thej  are  met  with  in  the 
''qaader-3andstein''and  "plaaer-kalk"  of  Gennanj,  rocks  of  the  Upper 
Cretaceous  group.  More  recently,  Dr.  Deby  has  discovered  in  the 
Lower  Cretaceous  beds  of  Aix-I&-Gliapelle  a  great  variety  of  dicoty- 
ledtmoos  learesl,  belonging  to  no  less,  according  to  tiis  enumeration, 
than  26  species,  some  of  the  leaves  being  from  four  to  six  inchea  in 
length,  and  in  a  beautiful  state  of  preserration.  In  the  absence  ot 
the  organs  of  fructificatioii  and  of  fosul  fruits,  the  number  of  species 
may  be  exaggerated ;  but  we  may  certunly  affirm,  reasoning  from 
OUT  present  data,  that  when  the  lower  chalk  of  Aix-la-Chapelle 
originated.  Dicotyledonous  Angiosperms  flourished  in  that  region  in 
equal  proportions  with  Gymnosperms.  This  discovery  has  an  im- 
portant bearing  on  some  popular  theories,  for  nntil  lately  none  of 
these  Ezogens  (a  class  now  constituting  three  fourths  of  the  living 
plants  of  the  globe)  had  been  detected  in  any  strata  older  than  the 
Eocene.  Moreover,  some  geologists  bave  wished  to  connect  the 
rarity  of  dicotyledonous  trees  with  a  peculiarity  in  the  state  of  the 
atmosphere  in  the  earlier  ages  of  the  planet,  imagining  that  a  denser 
air  and  noxioos  gases,  especially  carbonic  acid  gas  being  in  excess, 
were  adverse  to  the  prevalence,  not  only  of  the  quick-breathing 
classes  of  animals  (mammalia  and  birds),  but  to  a  flora  like  that  now 
existing,  while  it  favoured  the  predominance  of  reptile  life,  and  a 
cryplogamie  and  gymnoepermous  flora.  The  co-existence,  therefore, 
of  Dicotyledonous  Angiosperms  in  abundance  with  Cycads  and  Co- 
nifersB,  and  with  a  rich  reptilian  fauna,  comprising  die  Iguanodon, 
Megalosaurus,  Byheosauros,  Ichthyosaurus,  Flesiosaurus,  and  Ptero- 

*  In  thii  and  labaeqnent  remsrks  on  fouil  planta  I  ihall  often  nsa  Dr.  LindlST') 
tcnoa,  M  DKWt  faTnilitr  in  tliii  coont^ ;  bat  u  those  of  H.  A-  Brongniart  m 
mncli  dted,  it  mAj  be  aiefal  to  nal<4[ists  to  gire  a  table  eipUuDiDg  ttie  coire- 
iponding  names  of  gronpa  M  mncn  spoken  of  in  palieontologj'. 
BnnfiiUrc.  UBd%. 

1.  OTptogamoai    am-1 

^igens,  or  cellnlar  >     l^iallogeni.        LiehenB,  les-ireeds,  fdngi. 
oTptogamie.  J 

S.  Cryptogamoni  ado-        Acrogen*.  Houai.  equiietunig,  fenu,  Ijco- 

gens,  podionu, — Lepidodendrou. 

'a.  Dico^IediHioiitgTm-        OymiK^ens.      ConifBra  and  Cjcadi. 


4,  Dioot.  Angioapeima.         Ezogeoi.  Compoiitc,  leguninoMB,  nmbelli- 

fene,  cmcifem,  heaths,  &c.  All 
natire  Enropean  treea  except 
cooifera. 

5.  Hmocotyledona.  Kidogens.         FaIini,liliei,alae^nuhei,graNe«, 

t  QeoL  Quart.  Jonr.  toL  viL  part  3.  MiscelL  p.  111. 
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iactji,  in  tlie  Lower  CretAceoua  aeries,  tends  manifestly  to  dupd  tt» 
idea  of  a  meteorological  state  of  things  in  the  eeocxidaij  periodi 
so  widely  distinct  &om  that  now  prevMling. 

Among  the  recent  additions  made  to  the  fosul  &on  of  the  Weil> 
den,  and  one  which  suppties  a  nsw  link  between  it  and  the  tertiirj 
flora,  I  maj'  mention  the  GyrggoniUt,  or  apore-reasels  of  the  CSUro, 
lately  found  in  the  Hastings  serieB  of  the  Isle  of  Wight 


CHAPTEB  XIX. 

OF  THE   CHALK  AKD  WEALDBH. 

fhjiical  geogrsphj  of  ccrUin  districCi  oompoaed  of  CntMMnu  mud  Wcaldcm  Kntt 
— lines  of  ialBud  chftlk^liSb  od  the  Seino  in  Noimuidj' — Ontttudiog  pUvi 
and  needles  of  chalk— Deuoduioii  of  Ihe  clulk  and  Wealden  in  Boirej,  ^nt, 
■nd  Soisax — Cbilk  once  continaonfl  ftom  the  North  to  the  Soath  Downi— 
ADttdiaal  axia  and  pandlel  ridge« — Longitodinal  and  bwunnt  njkji— 
Cbslk  escarpments — Biseand  denndadonof  theitnta  gredoal — BidgesfanDtd 
^i<f  harder,  vaO^  by  totlia  beds— At  what  perlodi  the  Wtold  Valler  mt 
deanded — Why  no  aUanum,  or  wreck  of  tha  dialk,  in  (he  csnlral  district  of  tkc 
Weald — Land  has  most  prerailed  where  denaduioti  hat  beea  gieatM— 
Elephant  bed,  BriglUoa — Sangatte  Cliff — Candnsioa. 

All  the  fosailiferons  formations  may  be  stadied  by  the  geologist  m 
two  distinct  points  of  view :  firs^  in  reference  to  their  poeition  in 
die  series,  their  mineral  character  and  fossils ;  and,  secondly,  in 
regard  to  their  physical  geography,  or  the  manner  in  which  they  now 
enter,  as  mineral  masses,  into  the  external  Btmctnre  of  the  earth; 
forming  the  bed  of  lakes  and  seas,  or  the  surface  or  foundation  of 
bills  and  valleys,  plains  and  table-lands.  Some  account  has  already 
been  given,  on  the  first  head,  of  the  Tertiary,  the  Cretaceous,  and 
the  Wealden  strata ;  and  we  may  now  proceed  to  conuder  certaio 
features  in  the  physical  geography  of  these  groups  as  they  occur  io 
parts  of  England  and  France. 

The  hills  composed  of  white  chalk  in  the  S.  R  of  England  hare  a 
smooth  rounded  outline,  and,  being  usually  in  the  state  of  sbe^ 
pastures,  are  free  from  trees  or  hedgerows;  so  that  we  bare  an 
opportunity  of  obserring  how  the  valleys  by  which  they  are  drwned 
ramify  in  all  directions,  and  become  wider  and  deeper  as  ibe^  descend. 
Although  these  valleys  are  now  for  the  most  part  dry,  except  during 
heavy  runs  and  the  melting  of  snow,  they  may  have  been  due  to 
aqueous  denudation,  as  expluned  in  the  sixth  chapter ;  having  beoi 
excavated  when  the  chalk  emerged  gradually  from  the  aea.  This 
opinion  is  confirmed  by  the  occacdonal  occurrence  of  what  if>pear  to 
be  long  lines  of  inland  cliffs,  in  which  the  strata  are  cut  off  abniptlf 
in  steep  and  oflen  vertical  precipices.  The  true  nature  of  auBh 
escarpmenta  is  nowhere  more  obvious  than  in  parts  of  Normandy, 
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where  the  river  Seine  and  its  tribntariea  flow  through  deep  modiiig 
ralleji,  hollowed  ont  of  chalk  horizontallj'  stratified.  Thus,  for 
exunple,  if  we  follow  the  Seine  for  a  distance  of  aboat  30  miles 
from  Andelys  to  Elbcenf^  ne  find  the  valley  flanked  on  both  aides 
b;  a  Meep  dope  of  chalk,  with  nomeroas  beds  of  flint,  the  formation 
being  laid  open  for  a  thickness  of  about  250  and  800  feet  Above 
the  chalk  is  an  overlying  mass  of  sand,  gravel,  and  clay,  from  30  to 
100  feet  thick.     The  two  opposite  slopes  of  the  hills  a  and  t,  fig.  313, 


where  the  chalk  appears  at  the  surface,  are  fWim  2  to  4  miles  apart, 
tnd  they  are  often  perfectly  smooth  and  even,  like  the  steepest  of 
oar  downs  in  England ;  but  at  many  points  they  are  broken  by  one, 
twos  or  more  ranges  of  vertical  and  even  overhanging  cUffl  of  bare 
white  chalk  with  flints.  At  some  points  detached  needles  and  pin- 
ueles  stand  in  the  line  of  the  cliffs,  or  in  front  of  them,  as  at  c,  flg. 
313.  On  the  right  bank  of  the  Seine,  at  Andelys,  one  range,  about 
2  milefl  lon(^  is  seen  varying  from  50  to  100  feet  in  perpendicular 
tieight,  and  having  its  continuity  broken  by  a  number  of  dry  valleys 
or  coombs,  in  one  of  which  occurs  a  detached  rock  or  needle,  called 
ibe  T^e  d'Homme  (see  figs.  314,  315.).    The  top  of  this  rock  pre- 


<w  (f  Uia  nu  d'Hoomt.  A 


'^'s  a  precipitous  face  towards  every  point  of  the  compass ;  its 
vertical  height  being  more  Ihau  20  feet  on  the  side  of  the  downs, 
ud  40  towards  the  Seine^  the  average  diameter  of  the  pillar  bang 
36  ftet    Its  compoeitioo  is  tiie  same  as  that  of  the  lai^er  cUfl^  in 
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its  neighbonrliood,  namely,  wUte  chalk,  having  occasional!/  a  ctys- 
talline  texture  like  marble,  with  lajers  of  flint  in  nodulee  and  tabalir 
masBes.  The  flinty  beds  often  prciject  in  relief  4  or  5  feet  bejond 
the  white  chalk,  which  is  genenlly  in  a  state  of  slow  decompodtkii. 
either  exfoliating  of  being  covered  with  white  powder,  tike  (ke 
chalk  cliffs  on  the  English  coast ;  and,  as  in  them,  this  anperfieiil 
powder  contains  in  some  places  common  salt. 

Other  cliffs  are  situated  on  the  right  bank  of  the  Seine,  opposite 
Tonrnedos,  between  Andeljs  and  Pont  de  I'Arche,  where  the  preei- 
pices  are  &om  W  to  80  feet  high :  several  of  their  snnunita  tflnniiuU 
in  pinnacles ;  and  one  of  them,  in  particular,  is  so  completely  ^ 
tached  as  to  present  a  perpendicular  face  50  feet  high  towards  tbe 
sloping  down.  On  these  cliffs  several  ledges  are  seen,  wbich  mark 
so  many  levels  at  which  the  waves  of  the  sea  may  be  supposed  to  hv 
encroached  for  a  long  period.  At  a  still  greater  height,  immediately 
above  the  top  of  this  range,  are  three  mach  smaller  cliffs,  each  abuot 
4  feet  high,  with  as  many  intervening  terraces,  which  are  continoed 
so  as  to  sweep  in  a  semicircular  form  round  an  adjoining  coomb,  liks 
those  in  Sicily  before  described  (p.  76.). 

If  we  then  descend  the  river  from  Vatteville  to  a  place  called 
Senneville,  we  meet  with  a  singular  needle  about  50  feet  high,  per- 
fectly isolated  on  the  escarpment  of  chalk  on  the  right  bank  of  the 
Seine  (see  fig.  316.).  Another  conspicnous  range  of  inland  clifb  is 
sitaated  about  12  miles  below  on  the  left  bank  of  the  Seise,  ban- 
ning at  Elboeuf^  and  comprehending  the  Roches  d'Orival  (see  Sg.  317.) 
Like  those  before  described,  it  has  an  irregular  surface,  oft^  ovei^ 
hanging,  and  with  beds  of  flint  projecting  several  feeL  Like  them, 
also,  it  exhibits  a  white  powdery  surface  and  consists  entirely  of 
horizontal  chalk  with  flints.  It  is  40  miles  inland ;  ite  height,  in 
some  parts,  exceeds  200  feet ;  and  its  base  is  only  a  few  feet  above 
the  level  of  the  Seine.  It  is  broken,  in  one  place,  by  a  pyramidal 
mass  or  needle,  200  feet  high,  called  the  Boche  de  Fignon,  which 
stands  out  about  25  feet  in  front  of  the  upper  portion  ofthemaindifls. 
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«ith  which  it  is  united  by  a  narrow  ridge  about  40  feet  lower  than 
iu  nunDut  (see  fig.  318.)-  Like  the  detached  rocks  before  mentioned 


U  SenneTille,  Vatteville,  wid  Andelya,  it  may  be  compared  to  those 
needles  of  chalk  which  occur  on  the  coast  of  Normandy*  (see  fig. 
319.),  u  well  ai  in  the  Isle  of  Wight  and  in  Furbeck. 

The  foregoing  description  and  drawings  will  show,  that  the 
evidence  of  certain  escarpments  of  the  chalk  having  been  ori^nally 
'^a-clifi'a,  is  far  more  full  and  satisfactory  in  France  than  in  Englaad, 
If  it  be  asked  why,  in  the  interior  of  our  own  country,  we  meet  with 
DO  ranges  of  precipices  equally  vertical  and  overhanging,  and  no 
iwUled  pillars  or  needles,  we  may  reply  that  the  greater  hardness  of 
the  chalk  in  Nonnandy  may,  no  donbt,  be  the  chief  cause  of  this 
diSereoce.    But  the  frequent  absence  of  all  signs  of  littoral  denuda- 

*  An  Recount  of  theae  cUSk  wu  read  b^  Che  anther  to  the  Brilisli  Absoc  il 
''"gow,  Sept  mo. 
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tion  in  the  -n&ey  of  the  S^ne  itself  is  a  negatiTe  fact  of  a  fir  more 
Btriking  and  perplexing  character.  The  cliffs,  afW  heing  almost 
continnoas  for  mile^  are  then  vholly  wanting  for  mach  greater  dis- 
tances, b^g  replaced  bj  a  green  sloping  down,  although  the  heda 
remain  of  the  same  composition,  and  are  equally  horizontal;  ui 
although  we  may  feel  assured  that  the  manner  of  the  npheavil  of 
the  land,  whether  intermittent  or  not,  must  have  been  the  same  at 
those  intermediate  points  where  no  cliffs  exist,  as  at  others  where 
they  are  so  fully  deTcloped.  But;  in  order  to  explun  such  apparent 
anomalies,  the  reader  must  refer  again  to  the  theory  of  denudation, 
as  expounded  in  the  6th  chapter ;  where  it  was  shown,  first,  that  tlie 
undermining  force  of  the  waves  and  marine  currents  varies  greatly 
at  different  parts  of  every  coast ;  secondly,  tbat  precipitous  rocks 
have  often  decomposed  and  crumbled  down ;  and  thirdly,  that  ter* 
races  and  small  cliffs  may  occasionally  lie  concealed  beneath  a  tains 
of  detrital  matter. 

Denudation  of  the  Weald  VaOeySo  district  is  better  fitted  to 
illustrate  the  manner  in  which  a  great  series  of  strata  may  have  been 
upheaved  and  gradually  denuded  than  the  country  intervening  be- 
tween the  North  and  Sonth  Downs.  This  region,  of  which  a  gronnd- 
plan  is  given  in  the  accompanying  map  (fig.  320.),  comprises  within 
it  the  whole  of  Sussex,  and  parts  of  the  counties  of  Kent;  Surrey, 
and  Hampshire.  The  space  in  which  the  formations  older  than  the 
White  Chalk,  or  those  from  the  Ganlt  to  the  Hastings  sands  inclu- 
sive, crop  out;  is  bounded  everywhere  by  a  great  escarpmoit  of 
chalk,  which  is  continued  on  the  opposite  rade  of  the  channel  in  the 
Bas  Boulonntua  in  France,  where  it  forms  the  semicircular  boundary 
of  a  tract  in  which  older  strata  also  appear  at  the  surface.  Ihe 
whole  of  this  district  may  therefore  be  considered  geolo^caUy  ts 
one  and  the  same. 

The  space  here  inclosed  within  the  escarpment  of  the  chalk  affiirds 
an  example  of  what  has  been  sometimes  called  a  "  valley  of  eleva- 
tion" (more  properly  "of  denndation ") ;  where  the  strata,  partiaDy 
removed  by  aqueons  excavation,  dip  away  on  all  sides  ft^nu  a  central 
axis.     Hub,  it  is  supposed  that  the  area  now  occupied    by  the 

■  Seine-Inferieore,  p.  143.  and  pL  6.  fig.  I. 
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Hwtioga  sand  (No.  6.)  was  once  covered  by  the  Weald  clay  (Na  5,), 
and  this  again  by  the  Greensand  (No.  4.),  and  this  by  the  Gaolt 
(No.  3.);  and,  lastly,  that  the  Chalk  (No.  2.)  extended  originally 
o»er  the  wliole  epace  between  the  North  and  the  Soath  Downs.  This 
theory  wiU  he  better  understood  by  consulting  the  annexed  diagram 
(fig.  321.),  where  the  dark  lines  represent  what  now  remains,  and  the 
fainter  ones  those  porlaong  of  rock  which  are  believed  to  have  been 
carried  away. 

At  each  end  of  the  diagram  the  tertiary  strata  (No.  1.)  are  ex- 
hibited repoeing  on  the  chalk.  In  the  middle  are  seen  the  Hastings 
sands  (No.  6.)  forming  an  anticlinal  axis,  on  each  side  of  which  the 
other  formations  ar«  arranged  with  an  opposite  dip.  It  has  been 
necessary,  however,  in  order  to  give  a  clear  view  of  the  different 
formations,  to  exaggerate  the  proportional  height  of  each  in  compa- 
rison to  its  horizontal  extent;  and  a  tme  scale  is  therefore  subjoined 
in  another  diagram  (fig.  322.),  in  order  to  correct  the  erroneous 
impression  which  might  otherwise  be  made  on  the  reader's  mind. 
In  this  section  the  distance  between  the  North  and  Sooth  Downs  is 
represented  to  exceed  forty  miles  ;  for  the  Yattey  of  the  Weald  is 
here  intersected  in  its  longest  diameter,  in  the  directicm  of  a  line 
between  Lewes  and  Maidstone. 

Throngh  the  central  portion,  then,  of  the  district  supposed  to  be 
denuded  runs  a  great  anticlinal  line,  having  a  direction  nearly  east 
■ind  west,  on  both  sides  of  wfiich  the  beds  5,  4,  8,  and  2  crop  out  in 
snccessioD.  But,  although,  for  the  sake  of  rendering  the  physical 
sbractore  of  this  region  more  intelligible,  the  central  line  of  elevation 
tias  alone  been  introduced,  as  in  the  diagrams  of  Smith,  Mantell, 
Conybeare,  and  others,  geologists  have  always  been  well  aware  that 
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numcroua  minor  lines  of  dis104»tioD  and  flexure  rnn  p&rallel  to  tbe 
great  central  axis. 

Ta  the  central  area  of  the  Hastings  sand  the  strata  have  nnder- 
goue  the  greatest  displacement ;  one  faalt  being  kDOwn,  where  the 
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vertical  ahift  of  »  bed  of  calcveous  grit  is  no  leas  than  60  fathomg.' 
Much  of  the  picturesqae  sc«neiy  of  this  district  arises  from  the 
ilepth  of  the  narrow  vdleys  and  ridges  to  which  the  sharp  bends  and 
ffactares  of  the  strata  have  given  rise ;  but  it  is  also  in  part  to  be 
atbibated  to  the  excavating  power  exerted  hj  water,  especiallj  on 
the  interatratified  argillaceous  beds. 

Besides  the  series  of  longitudinsl  valley  and  ridges  in  the  Weald, 

there  are  Talleya  which  run  in 

g  a  tnuiSTerse  direction,  passing 

<  through  the  chalk  to  thie  basin 

^1  of  the  Thames  on  the  one  side, 

I  ^   and  to  the   English  Channel 

i       on  the  other.     In  this  manner 

I      the  chain  of  the  North  Downs 

a      is  broken  by  the  rivers  Wey, 

{       Mole,   Darent^   Medway,  and 

I  .   Stour;  the  South  Downs  by 

I I  the  Arun,  Adur,  Onse,  and 
£  ^  Cuckmere.f  If  these  trans- 
■  verse  hollows  could  be  filled 
I  up,  all  the  rivers,  observes  Dr. 
"I  Conybeare,  would  be  forced 
g  to  take  an  easterly  course,  and 
^  ^  to  empty  themselves  into  the 
^  I  sea  by  Romney  Marsh  and 
j  "  Fevensey  Levels. 

^  I  I       Mr.  Martin  has    suggested 

s  el   '*'*'  ""^  grest  cos*  fractures 

4  ^  of  the  chalk,  which  have  be- 
come river-channels,  have  A 
3  remarkable  correspondence  on 
g  each  side  of  the  valley  of  the 
I  Weald;  in  several  instances 
I  g  the  goi^es  in  the  North  and 
I  i.  South  Downs  appearing  to  be 
°  s   directly  opposed  to  each  other. 

I  f  Thus,  for  example,  the  defiles 

II  of  the  Wey  in  the  North 
•  3  Downs,  and  of  the  Arun  in 
I  ■  the  South,  seem  to  coincide 
j  'I  in  direction  ;  and,  in  like  man- 
"s  K  ner,  the  Ouse  corresponds  to 
I  g  the  Darent,  and  the  Cuckmere 
^1  to  the  Medway.} 

I       Although  these  coincidences 
i   may,  perhaps,  be  accidental,  it 
is  ,by  no  means  improbable^  aa 
t  GeoL  of  Western  Sombi,  p.  81. 

a 
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hinted  hj  the  aathor  aboTe  mentioned,  that  great  amonnt  of  ele- 
vation towards  the  cBDtre  of  the  Weald  diatrict  gave  rise  to  traiiB- 
▼erse  fissures.  And  as  the  longitadinal  rall^s  were  coimected 
with  that  linear  movement  which  caused  the  anticlinal  lines  runniDg 
east  and  wett^  bo  the  ctobb  fiBsurea  might  have  been  occa^oned  by 
the  intensity  of  the  upheaving  force  towards  the  centre  of  the  line. 

But  before  treating  of  the  manner  in  which  the  upheaving  move- 
ment  maj  have  acted,  I  shall  endeavour  to  make  the  reader  more 
intimatelj'  acquainted  with  the  leading  geographical  features  of  the 
district,  ao  far  as  they  are  of  geological  interest 

In  whatever  direction  we  travel  from  the  tertiary  strata  of  the 
basins  of  London  and  Hampshire  towards  the  valley  of  the  WeaU, 
we  first  ascend  a  slope  of  white  chalk,  with  fiinte,  and  then  find 
ourselves  on  the  summit  of  a  declivity  consisting,  for  the  most  part, 
of  difiereat  members  of  the  chalk  formation;  below  which  the 
Upper  Greensand,  and  scnnetimes,  also,  the  Gault,  crop  out.  Tbie 
st«ep  declivity  is  the  great  escarpment  of  the  chalk  before  mentioned, 
which  overhangs  a  valley  excavated  chiefly  out  of  the  ai^^iUaceous 
or  marly  bed,  termed  Gault  (No.  3.).  The  escarpment  is  ctrntinooiu 
along  the  southern  termination  of  the  North  IXtwns,  and  may  be 
traced  from  the  sea,  at  Folkestone,  westward  to  Guildford  and  the 
neighbourhood  of  Fetersfield,  and  &om  thence  to  the  termioation  of 
the  South  Downs  at  Beachy  Head.  In  this  precipice  or  steep  alope 
the  atrata  are  cut  off  abruptly,  and  it  ia  evident  tb'&t  they  most 
originally  have  extended  farther.  In  the  wood-cat  (fig.  323.  p.  275.) 
part  of  the  escarpment  of  the  South  Downs  is  faithfully  represented, 
where  the  denudation  at  the  base  of  the  decliyity  has  been  some- 
what more  extensive  than  usual,  in  consequence  of  the  Upper  aiid 
Ixtwer  Greensand  being  fbrmed  of  very  incoherent  materials,  tlie 
former,  indeed,  being  extremely  thin  and  almost  wanting. 

The  geologist  cannot  fail  lo  recognise  in  this  view  the  exact 
likenesB  of  a  sea-cliff;  and  if  he  turns  and  looka  in  an  opposite 
direction,  or  eastward,  towards  Beachy  Head  (see  fig.  S24,),  be  will 


Ilig  uiUt  ud  •IU«f> 


see  the  same  line  of  heights  prolonged.  Even  those  who  are  not 
accustomed  to  speculate  on  the  former  changes  which  the  strrface  has 
undergone  may  fancy  the  broad  and  level  plain  to  reaemble  the  flat 
sands  which  were  laid  dry  by  the  receding  tide,  and  the  difieient 
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proj«cliDg  masBes  of  chalk  to  be  the  headluiiU  of  »  cout  which 
Kptnted  the  different  ba^s  from  each  other. 

OcusioDKUf  in  the  North  Downs  aand-pipea  are  intersected  in  the 
slope  of  the  eacsrpment,  and  have  been  regarded  hj  some  geologists 
u  more  modem  tJian  the  slope ;  in  which  case  they  might  afford  an 
v^nment  agtunst  the  theoiy  of  these  alopea  having  originated  as  sea- 
eliSa  or  river-clifis.     But,  when  we  obserre  the  great  depth  of  many 
suid-pipea,  those  near  Sevenoaks,  for  example,  we  perceive  that  the 
lower  termination  of  such  pipes 
must  BometimeB  appear  al  the 
surface  far  from  tlie  summit  of 
an    escarpment,  whenever   por- 
tions of  the  chalk  are  cut  away. 
In  r^ard  to   the   transverse 
valleys  before  meDtioned,  as  in- 
I    tersecting  the  chalk  hilla,  some 
I    idea  of  them  may  be  derived 
S    from  the  subjoined  sketch  (flg. 
I    325.)  of  the  gorge  of  the  River 

4  Adur,  taken  from  the  summit  of 
the  chalk-downs,  at  a  point  in 
the  bridle-way  leading  from  the 

i  towns  of  Bramber  and  Steyniug 
^  to  Shoreham.  If  the  reader  will 
■s  refer  again  to  the  view  given 
^  in  a  former  woodcut  (fig.  323. 
^  p.  275.),  he  will  there  see  the 
g  I  exact  point  where  the  gorge  of 
3  *  which  I  am  now  speaking  in- 
%  £  terrupts  the  chalk  escarpment. 
^^  A  projecting  hill,  at  the  point  a, 
^  bides  the  town  of  Steyning,  near 
^  which  the  valley  commences 
I  where  the  Adur  passes  directly 
1  to  the  sea  at  Old  Shoreham.  The 
^  river  flows  through  a  nearly 
level  plain,  as  do  most  of.  the 
A  others  which  intersect  the  hills 
f   of  Surrey,  Kent,  and    Sussex; 

5  and  it  is  evident  that  these  open- 
1"  inga  could  not  have  been  pro- 
f  duced  by  rivers,  except  under 
^    couditiona  of  physical  geography 

entirely  different  from  those  now  . 
prevailing.  Indeed,  many  of  the 
existing  rivera,  like  the  Ouse 
near  Lewes,  have  filled  up  arms 
of  the  sea,  instead  of  deepening 
the  hollows  which  they  traverse. 
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That  the  place  of  some,  if  not  of  all,  the  gorgee  ninniDg  north  and 
south,  has  been  originally  determined  by  the  fracture  and  displace- 
ment of  tiie  rocks,  seems  the  more  probable,  vhen  we  reflect  on  Itie 
proofd  obtained  of  a  ravine  running  east  and  west,  which  bruicbes 
off  from  the  eastern  side  of  the  valley  of  the  Oose  just  mentioDed, 
and  which  is  undoubtedly  due  to  dislocation.  This  ravine  is  called 
"  the  Coomb"  (fig.  326.),  and  is  situated  in  the  suburbs  of  the  town 


of  Lewes.  It  was  first  traced  out  hj  Dr.  Mantell,  in  whose  com- 
pany I  examined  it  The  steep  declivities  on  each  side  are  covered 
with  green  turf,  as  is  the  bottom,  which  is  perfectly  dry.  No  out- 
ward signs  of  disturbance  are  visible  i  and  the  connection  of  the 
h<^ow  with  subterranean  movements  would  not  have  been  suspected 
by  the  geologist,  had  not  the  evidence  of  great  convulsions  been 
clearly  esposed  in  the  escarpment  of  the  valley  of  the  Ouse,  and  the 
numerous  chalk-pits  worked  at  thu  termination  of  the  Coomb.  By 
the  ud  of  these  we  discover  that  the  ravine  coincides  precisely  with 
a  line  of  fault,  on  one  stde  of  which  the  chalk  with  flints  (a,  fig.  327.) 


appears  at  the  summit  of  the  hill,  while  it  is  thrown  down  to  the 
bottom  on  the  other. 

In  order  to  account  for  the  manner  in  which  the  five  gronpe  of 
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strftta,  2,  3,  4,  5,  6,  rapreaented  in  the  nup,  fig.  S20.,  uid  in  the 
section,  fig.  321^  may  have  been  brought  iuto  their  pieeoit  position, 
the  following  hypotheBia  has  been  suggested :  —  Suppose  the  five 
fonnationa  to  lie  in  horisontal  sb«tifioation  at  the  bottom  of  the  sea ; 
tiien  let  a  movement  from  below  press  them  upwards  into  the  form 
of  a  flattened  dome,  and  let  the  crown  of  this  dome  be  afterwards  cnt 
o^  so  that  the  incision  should  penetrate  to  the  lowest  of  Hie  five 
groups.  The  difiTerent  beds  would  then  be  exposed  on  the  sorfkces 
in  the  manner  exhibited  in  the  m^  fig.  320.* 

The  quantity  of  denndation,  or  removal  by  water,  of  stratified 
masses  aaanmed  to  have  once  reached  oontinuoosly  from  the  North 
to  the  South  Downs  )■  so  enormous,  that  the  reader  may  at  first  be 
stsrtlsd  by  the  boldness  of  the  hypothesis.  But  the  difScnlty  will 
disappear  when  once  sufficient  time  is  allowed  for  the  gradual  rising 
and  sinking  of  the  strata  at  many  successive  geological  period^ 
during  which  the  waves  and  currents  of  the  ocean,  and  the  power  of 
rain,  rivera,  and  land-floods,  might  slowly  accompltsb  operations 
which  no  sudden  diluvial  rush  of  waters  could  possibly  efi'ect. 

Among  other  proofe  of  the  action  of  water,  it  may  be  stated  that 
the  great  longitudinal  valleys  follow  the  outcrop  of  the  sofler  and 
more  incoherent  beds,  while  ridges  or  lines  of  oliff  usually  occur  at 
those  points  where  the  strata  are  composed  of  harder  stone.  Thus, 
for  example^  the  chalk  with  flints^  t<^e&er  with  the  subjacent  upper 
greensand,  'which  is  often  used  for  bnildio^  under  the  provincial 
name  of  "firestone,"  h»ve  been  cut  into  a  steep  cliff  oa  that  side  on 
which  the  sea  encroached.  This  escarpment  bounds  a  deep  valley, 
excavated  chiefly  out  of  the  soft  argillaceous  bed,  termed  gaidt 
(No.  3.,  map,  p.  273.).  In  some  places  the  upper  greensand  is  in  a 
looae  and  incoherent  state,  and  there  it  has  been  as  mach  denuded  as 
the  gault;  as,  for  example,  near  Beachy  Head;  but  farther  to  the 
weetvrard  it  is  of  great  thickness  and  contains  hard  beds  of  blue 
chert  and  calcareous  sandstone  or  firestone.  Here,  accordingly,  we 
find  that  it  produces  a  corresponding  influence  on  the  scenery  of  the 
coimtry ;  for  it  runs  out  like  a  step  beyond  the  foot  of  "the  chalk- 
hills,  and  constitutes  a  lower  tenao^  varying  in  breadth  from  a 
quarter  of  a  mile  to  three  miles,  and  following  the  nnnosiUes  of  the 
chalk-eacarjonentt 


*  8m  flhiMntioDs  of  tlna  tb«oTj,  )>j    Sombz,  &o.,  GnoL  Trana,  Sseond  Snita, 
Dr.  fUon,  QeoL  Sketch  of  Honhig).         vid.  iL  p.  98. 
f  St  B.  Mnrcbiwni,  GcoL  Sketch  of 
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It  is  impossible  to  denre  »  more  aatisfactory  proof  that  the  escwp* 
meat  is  due  to  the  exc4y&tiiig  power  of  water  during  the  rise  of  tin 
strata,  or  during  their  rising  and  sinking  at  BUCceseiTe  periods  i  for 
I  have  shown,  in  mj  account  of  the  coast  of  Sicily  (p.  76.),  in  wbU 
manner  the  encroachments  of  the  sea  lend  to  efface  that  succes»on  i^ 
terraces  which  must  otherwise  result  from  the  intermittent  upheanl 
of  a  coast  preyed  upon  hj  the  waves.  During  the  intervAl  between 
two  elevatory  movements,  the  lower  terrace  will  usually  be  destroyed, 
wherever  it  is  composed  of  incoherent  materials ;  whereas  the  sea 
will  not  have  time  entirely  to  sweep  away  another  part  of  the  eame 
terrace,  or  lower  platform,  which  happens  lo  be  composed  of  rocka  of 
a  harder  texture,  and  capable  of  offering  a  firmer  resistance  to  the 
erosive  action  of  water.  As  the  yielding  clay  termed  gault  would  be 
readily  washed  away,  we  find  its  outcrop  marked  everywhere  hy  t 
valley  which  skirts  the  base  of  the  chalk-hills,  and  which  is  usually 
bounded  on  the  opposite  side  by  the  lower  greensand;  but  as  tin 
upper  beds  of  this  last  formation  ore  most  commonly  loose  and  inco- 
herent, they  also  have  usually  disappeared  and  increased  the  breadth 
of  the  valley.  In  those  districts,  however,  where  chert,  limesl<«e, 
and  other  stdid  materials  enter  largely  into  the  composition  d  this 
formation  (No.  4.,  ms^  p.  273.),  they  give  rise  to  a  nmge  of  Ulb 
parallel  to  the  chalk,  which  eomedmes  rival  the  escarpment  of  the 
ebtik  itself  in  height,  or  even  surpass  it,  as  in  Leitii  Hill,  nev 
Dorking.  This  ridge  often  presents  a  steep  escarpment  towards  the 
soft  aigiUaceous  deposit  called  the  Weald  clay  (No.  5. ;  see  the  daii 
tint  in  fig.  321.  p.  274.),  which  usually  forms  a  broad  valley,  seps- 
rating  the  lower  greensand  from  the  Hastings  sands  or  Forest 
Bidge ;  but  where  subordinate  beds  of  sandstone  of  a  firmer  texture 
occur,  the  uniformity  of  the  plain  of  No.  5.  is  broken  by  waving 
irregularities  ud  hillocks. 

Fluvial  action.  —  In  considering,  however,  the  comparative  it- 
stmctibility  of  the  harder  and  softer  rocks,  we  must  not  underrate 
the  power  of  rain.  The  chalk-downs,  even  on  their  summits,  are 
usually  covered  with  unrounded  chalk-flints,  such  as  might  remiin 
after  masses  of  white  chslk  had  been  softened  and  removed  by  water. 
This  superficial  accumulation  of  the  hard  or  siliceous  materials  of 
disintegrated  strata  may  be  due  in  no  small  d^ree  to  pluvial  action ; 
for  during  extraordiaary  rains  a  rush  of  water  charged  with  csl- 
careouB  matter,  of  a  milk-whit«  colour,  may  be  seen  to  descend  even 
gently  sloping  hills  of  chalk.  If  a  layer  no  thicker  than  the  t^th 
of  an  inch  be  removed  once  in  a  century,  a  considerable  mass  may 
in  the  course  of  indefinite  ages  melt  away,  leaving  nothing  save  > 
stratum  of  fiinty  nodules  to  attest  its  former  existence.  A  bed  of  fine 
clay  sometimee  covers  the  surface  of  slight  depressions  in  the  white 
chalk,  which  may  represent  the  aluminous  residue  of  the  rock,  after 
the  pure  carbonate  of  lime  has  been  dissolved  by  rain-water,  charged 
with  excess  of  carbonic  add  derived  &om  decayed  v^;etable  matter. 
The  acidulous  waters  sometimes  descend  through  "sand-pipes "and 
"swallow-holes"  in  the  chalk,  so  that  the  surface  may  be  under- 
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mmedj  and  cavities  may  be  formed  or  enlarged,  even  by  that  part  of 
the  drainage  which  is  Bubterranean.* 

Latet  of  Fraeture. — Mr.  Martin,  in  his  work  on  Uie  geology  of 
Western  Sussex,  published  in  1828,  threw  much  light  on  the  Btrnc- 
tnre  of  the  Wealden  by  tracing  out  conlinnonsly  for  miles  the  direc- 
tion 1^  many  anticlinal  lines  and  cross  fractures ;  and  the  same 
eoorte  of  investigation  has  since  been  foUowed  out  in  greater  detail 
by  Mr.  Hopkins.  The  geologist  and  mathematician  last-mentioned 
has  shown  that  the  obeerrod  direction  of  the  lines  of  floxnre  and 
dislocation  in  the  Weald  district  coincide  with  those  which  might 
have  been  antidpated  theoretieaUy  on  mechanical  principles,  if  we 
assume  certain  simple  condidons  nnder  which  the  strata  were  lifted 
op  by  an  expansive  subterranean  force.! 

Bis  opinion,  that  both  the  longitudinal  and  transverse  lines  of 
frsctore  may  have  been  produced  simoltaneously,  accords  well  with 
that  expressed  by  M.  Thormann,  in  his  work  on  the  anticlina]  ridges 
and  v^ys  of  elevation  of  the  Bernese  Jura.}  For  the  accuracy 
of  the  map  and  sections  of  the  Swiss  geologist  I  can  vouch,  from 
pergonal  examination,  in  1 835,  of  part  of  the  region  surveyed  by  him. 
Anumg  other  results,  at  which  be  arrived,  it  appears  that  the 
breadth  of  the  anticlinal  ridges  and  dome-shaped  masses  in  the  Jtira 
is  tnvariabiy  great  in  proportion  to  the  number  of  the  formations 
exposed  to  view  ;  or,  in  other  words,  to  the  depth  to  which  the  super- 
imposed groups  of  secondary  strata  have  been  laid  open.  (See  fig.  71. 
>  55.  for  Btrncture  of  Jara.)  He  also  remarks,  that  the  anticlinal 
lines  are  occasionally  oblique  and  cross  each  other,  in  which  case  the 
greatest  dislocatioti  of  the  beds  takes  place.  Some  of  the  cross  ina- 
torea  are  imagined  by  him  ia  have  been  contemporaneous  with  others 
inbeeqaent  to  &e  longitudinal  ones. 

I  have  assumed,  in  the  former  part  of  this  chapter,  that  the  rise  of 
the  Weald  was  gradual,  whereas  many  geologists  have  attributed  its 
elevation  to  a  single  effort  of  subterranean  violence,  llicre  appears 
to  them  such,  a  unity  of  efiect  in  this  and  other  lines  of  deranged 
strata  in  the  eoutli-east  of  England,  such  as  that  of  the  Isle  of  Wight, 
as  is  inconsistent  with  the  supposition  of  a  great  number  of  separate 
movements  recurring  after  long  intervals  of  time.  But  we  know  that 
arthquakes  are  repeated  throughout  a  long  series  of  ages  in  the 
same  spot^  like  volcanic  eruptions.  The  oldest  lavas  of  Etna  were 
pnmd  out  many  thousandth  perhaps  myriads  of  years  beforo  the 
oewee^  and  yet  they,  and  the  movements  accompanying  their  emission, 
have  produced  a  symmetrical  mountain ;  and  if  rivers  of  melted 
lutter  thus  continue  to  flow  upwards  in  the  same  direction,  and 
towards  the  same  point,  for  an  indefinite  lapse  of  ages,  what  diffi- 
cnltf  is  tiiere  in  conceiving  that  the  snbteiranean  volcanic  force, 
occasioning  the  rise  or  fall  of  certain  parts  of  the  earth's  crust, 

'  8m  ikove,  p.  82,  sa  "  Sand-pipes        t  Q^o'-  Soe.  Proceed.  No.  74.  p.  S63. 
™..n.  _  .    .^        . .    -    .  „  i8*l,«idG.6.Tr»nB.  3  Ber.  toL7. 
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msj,  by  reitentted  moTementa,  produce  the  most  perfect  unity  of 
result? 

At  what  ptriodt  the  Weald  vaUof  wai  denuded. — We  tuxy  next 
inqnire  at  irhat  time  the  denadatioa  of  the  Weald  was  efiected,  and 
ire  iball  find,  on  conodering  all  the  facts  brooght  to  light  by  recent 
investigation,  that  it  was  accomplished  in  the  course  of  so  long  a 
series  of  age^  that  the  greatest  revolutionB  in  the  physical  gec^raphy 
of  the  globe,  yet  known  to  ua,  have  taken  place  within  the  aams 
l^we  of  time.  It  has  now  been  ascertained,  that  part  of  Hie  deng- 
dation  of  lite  Weald  was  completed  before  the  Bri^h  Eocene  atrata, 
and  consequently  before  the  nonunnlitic  .rocks  of  Europe  and  Asia 
were  formed.  The  date,  therefor^  of  part  of  the  changea  noiw  under 
contemplation  was  long  antecedent  to  the  existence  of  the  Aipt, 
Pyrenees,  and  many  other  European  and  Asiatic  monntun-chains, 
and  even  to  the  accomulation  of  lai^  portions  of  their  oompcncot 
materials  beneath  the  sea. 

M.  Elie  de  Beaumont  suggested,  in  1833,  that  there  was  an  island 
in  the  Eocene  sea  in  the  area  now  occupied  by  the  French  and 
English  Wealden  strata,  and  he  gare  a  map  or  hypothetical  restora- 
tion of  the  ancient  geography  of  that  region  at  Uie  era  alluded  ta* 
Mr.  Freatwich  has  since  shown  that  the  materials  of  which  the 
lower  tertiary  beds  of  England  are  made  up,  and  their  manner  of 
resting  on  the  chalk,  imply,  that  such  an  island,  or  several  islands 
and  shoals,  composed  of  Chalk,  Upper  Greessand,  Glault,  and  pro- 
bably of  some  of  the  Lower  Cretaceous  rocka,  did  exist  somewhere 
between  the  present  fforth  and  South  Downs.  The  nndennined 
cliffs  and  shores  of  those  lands  supplied  the  flints,  which  the  action 
of  the  waves  rounded  into  pebbles,  such  as  now  form  the  Woolwich 
and  Blackheath  shingle-beds  below  the  London  Clay.  It  ia  sup- 
posed, that  the  land  referred  to  was  drained  by  rivers  flowing  into 
the  Eocene  sea,  and  whence  the  brackiBh  and  freshwater  depoaita  of 
Woolwich  and  other  contempoTaneons  strataf  were  derived.  Tbe 
large  sise  of  some  of  the  rolled  flints  (eight  inches  and  upwards  in 
diameter)  of  the  Blackheath  shingle  demonstratee  the  proximity  <f 
land.  Such  heavy  masses  could  not  have  been  transported  from 
great  distances,  whether  they  owe  their  shape  to  wave*  breaking  on 
a  sea-beach,  or  to  rivers  desoeading  a  steep  slope. 

In  the  annexed  diagram  (fig.  329.)  Ur.  Preatwich  has  rqireaeated 
a  section  from  near  Saffitm  Walden,  in  Essex,  to  the  Weald,  paaabi^ 
north  and  south  through  Godstone,  in  whiob  we  see  how  the  chalk, 
i,  had  been  disturbed  and  denuded  before  the  lower  Eocran  beds,  b, 
were  deposited.  Some  small  patches  of  the  last-mentioaed  bed^  C, 
consisting  of  clay  and  sand,  extend  occasiondy,  as  in  this  inataiK^ 
to  the  very  edge  of  the  escarpment  of  the  North  Downs,  proving  that 
the  surface  of  the  white  chalk,  now  covered  with  tertiary  atrata,  is 
the  same  which  originally  constitated  the  bottom  of  tiie  Eiooen«  seiL 

t  6m  pt  911.  abort. 
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'  It  u  therefore  inferred,  that,  if  we  prolong  southwards  the  upper 
ind  under  surfaces  of  the  chsU^  along  the  dotted  line  in  the  above 
lection,  thej  would  converge  at  the  point  x;  therefore,  be^rond  that 
point,  no  white  chalk  existed  at  the  time  when  the  Eocene  beds,  6, 6', 
were  formed.  In  other  words,  the  central  parts  of  the  Wealden, 
Mnth  of  X,  were  already  bared  of  their  original  covering  of  chalk, 
or  had  onlj  some  slight  patches  of  that  rock  scattered  over  them. 

The  ielsnd,  or  islands,  in  the  Eocene  sea  may  be  represented  in 
the  annexed  diagram  (fig.  330.) ;  but  doubtless  the  denudation  ex- 


tended farther  in  width  and  depth  before  the  close  of  the  Eocene 
period,  and  the  waves  may  have  cut  into  the  Lower  Oreensand,  tmd 
perhaps  in  some  places  into  the  Wealden  strsto. 

According  to  this  view  the  mass  of  cretaceona  and  subcretaceons 
roeks,  planed  off  by  the  iravee  and  currents  in  the  areft  betveen 
the  North  and  South  Downs  before  the  origin  of  the  oldest  Eoeene 
beds,  may  have  been  aa  roluminoaa  ai  the  mass  removed  by  denu- 
dalioD  nnce  the  commencement  of  the  Eocene  era. 

But  the  reader  may  ask,  why  is  it  necessary  to  assume  that  so 
much  white  chalk  first  extended  eontinuoualy  over  the  Wealden 
beds  in  this  part  of  England,  and  was  then  removed  ?  May  we  not 
■oppose  that  land  began  to  exist  between  the  Nortii  and  South 
Downi  at  a  much  earlier  epoch ;  and  that  the  upper  Wealden  beds 
rose  in  the  midst  of  the  Cretaceous  Ocean,  so  as  to  check  the  accu- 
mulation of  white  chalk,  and  limit  it  to  the  deeper  water  of  adjoining 
imt?  This  hypothesis  has  often  been  advanced,  and  as  often 
tqjected ;  for,  had  there  been  ahoab  or  dry  land  so  near,  the  white 
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chalk  would  not  have  remained  unsoUed,  or  without  intermixture  of 
mud  and  e&od ;  nor  would  organic  remuna  of  teirea^al,  fluTiatile,  or 
littoral  origin  have  been  bo  entirely  wanting  in  the  strat*  of  the 
North  and  South  Downs,  where  the  chalk  tenninatee  abraptlj  in 
the  esc&rpments.  It  is  admitted  that  the  fossils  now  found  Hum 
belong  exclnaivel^  to  classes  which  inhabit  a  deep  sea.  HoreoTH, 
the  uppermost  beds  of  the  Wealden  group,  as  Mr.  Frestwich  hu 
remarked,  would  not  have  been  so  strictly  cooformable  with  the 
lowest  beds  of  the  Lower  Greensand  had  the  strata  of  the  Wealden 
undergone  upheaval  before  the  deposition  of  the  incumbent  creta- 
ceous series. 

But,  although  we  must  assume  that  the  white  chalk  was  ooce 
continuous  over  what  is  now  the  Weald,  it  by  no  means  follows  thst 
the  first  denudation  was  subsequent  to  the  entire  Cretaceous  en. 
Most  probably  it  commenced  befijre  a  laige  portion  of  the  Maeetricht 
beds  were  formed,  or  whOe  they  were  in  progress.  I  have  already 
stated  (p.  239.  above),  that  in  parts  of  Belgium  I  observed  rolled 
pebbles  of  chalk-flints  very  abundant  in  the  lowest  Maestricht  beds, 
where  these  last  overlie  Uie  white  chalk,  showing  at  how  early  > 
dat«  the  chalk  was  upraised  teom  deep  water  and  exposed  to  aqueous 
abrasion. 

Guided  by  the  amount  of  change  in  organic  life,  we  may  estimate 
the  interval  between  the  Maestricht  beds  and  the  Thanet  Sands  to 
have  been  nearly  equal  in  duration  to  the  time  which  elj^eed 
between  the  deposition  of  those  same  Thanet  Sands  and  the  Gladil 
period.  If  so,  it  would  be  idle  to  expect  lo  be  able  to  make  ideal 
restorations  of  the  innumerable  phases  in  physical  geography  through 
which  the  south-east  of  England  must  have  passed  since  llie  Weald 
began  to  be  denuded.  In  less  than  half  the  same  lapse  of  time  the 
aspect  of  the  whole  European  area  has  been  more  thui  once  entirely 
changed.  Nevertheless,  it  may  be  useful  to  enumerate  some  of  the 
known  fluctuations  in  the  physical  conformation  of  the  Weald  and 
the  regions  immediately  adjacent  during  the  period  alluded  fax 

First,  we  have  to  carry  back  our  tJbonghts  to  those  very  remote 
movements  which  first  brought  up  the  white  chalk  from  a  deep  bm 
into  exposed  utnations  where  the.  waves  could  plane  off  certvn 
portions,  as  expressed  in  diagram,  fig.  329.,  before  the  British  Lower 
Eocene  beds  originated. 

Secondly,  we  have  to  take  into  account  the  gradual  wear  and 
tear  of  the  chalk  and  its  flints,  to  which  the  l^anet  sands  bear 
witoess,  as  well  as  the  subsequent  Woolwich  and  Blackheath  shingle- 
beds,  occanonally  50  feet  thick,  and  composed  of  rolled  flint>pct>bks. 

Thirdly,  at  a  later  period  a  great  subsidence  took  place,  by  which 
the  shallow-water  and  fresh-water  beds  of  Woolwich  and  other 
Lower  Eocene  deposits  were  depressed  (see  above,  p.  222.)  so  as  to 
allow  the  London  Clay  and  Bagshot  series,  of  deep-sea  origin,  to 
accumulate  over  them.  The  amount  of  this  eubsidence,  according 
to  Mr.  Frestwich,  exceeded  800  feet  in  the  London,  and  1800  feet 
in  the  Hampshire  or  Isle  of  Wight  basin ;  and,  if  so,  the  intervening 
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area  of  the  Weald  could  scarcely  &il  to  share  in  ihe  morement,  aad 
aome  parts  at  least  of  the  island  before  spoken  of  (fig.  330.  p.  283.) 
would  become  submerged. 

Fourthly.  After  the  London  clay  and  the  overlying  Bagahot  sands 
hid  been  deposited,  they  appear  to  hare  been  npnused  in  the  London 
baain,  during  the  Eocene  period,  and  their  conversion  into  land  in 
the  north  seems  to  have  preceded  the  upheaval  of  beds  of  correspond' 
ing  age  in  the  south,  or  in  the  Hampshire  basin ;  because  none  of 
the  fluvio-marine  Eocene  strata  of  Hordwell  and  the  Isle  of  Wight 
(described  in  Ch.  XVL)  are  found  in  any  part  of  the  London  area. 

FiTlhly.  The  fossils  of  the  alternating  marine,  brackish,  and  fresh- 
water beds  of  Hampshire,  of  Middle  and  Upper  Eocene  datc^  bear 
Uetimoay  to  rivers  draining  ai^acent  lands,  and  to  the  existence  of 
Dumeroua  quadrupeds  in  those  lands.  Listead  of  these  phenomena, 
the  signs  of  an  open  sea  might  naturally  have  been  expected,  as  » 
consequence  of  the  vast  subsidence  of  the  Middle  Eocene  beds  before 
mentioned,  had  not  some  local  upheaval  taken  place  at  the  same  time 
in  the  Isle  of  Wight  or  in  regions  immediately  adjacent  Whatever 
hypothesis  be  adopted,  we  are  entitled  to  assume  that  during  the 
Middle  and  Upper  Eocene  periods  there  were  risings  and  sinkings  of 
land,  and  changes  of  level  in  the  bed  of  the  sea  in  the  south-east  of 
England,  and  that  the  movements  were  by  no  means  uniform  over 
the  whole  area  during  these  periods.  The  extent  and  thickness  of 
the  missing  beds  in  the  Weald  should  of  itself  lead  us  to  look  for  proofs 
of  that  area  having  by  repeated  osciUations  changed  its  level  fre- 
quently, and,  ofteoer  than  any  adjoining  area,  been  turned  from 
Ks  into  land  ;  for  the  submergence  and  emei^ence  of  land  augment, 
beyond  any  other  cause,  the  wasting  and  removing  power  of  water, 
whether  of  the  waves  or  of  rivers  and  land-floods. 

Sixthly.  As  yet  we  have  discovered  no  marine  Miocene  {or  fata- 
Mian)  formations  in  any  part  of  the  British  Isles,  nor  any  of  older 
Pliocene  dat^  sonth  of  the  Thames  ;  but  the  Upper  Eocene  strata  of 
the  Isle  of  Wight  (the  Hempstead  beds  before  described)  have  been 
npiaised  above  the  level  of  the  sea  in  which  tiiey  were  originally 
formed,  and  some  of  them  have  been  thrown  into  a  vertical  position, 
OS  seen  in  Alum  and  Whitecliff  Bays,  attesting  great  movements  since 
the  origin  of  the  newest  terdaries  of  that  district  Sncb  movements 
may  have  occnrred,  in  great  part  at  least,  during  the  Miocene  period, 
when  » large  part  of  Europe  is  supposed  to  have  become  land  as 
before  suggested  (p.  181.).  Hence  we  are  entitled  to  speculate  on  the 
probability  of  revolutions  in  the  physical  geography  of  the  Wesld 
in  times  intermediate  between  the  deposition  of  the  Hempstead  beds 
and  the  origin  of  the  Suffolk  crag. 

Seventhly.  But  we  have  still  to  consider  another  vast  interval  of 
rime — that  which  separated  the  beginning  of  the  older  Rioceoe  from 
the  banning  of  the  Pleistocene  era, — a  lapse  of  ages  which,  if 
measured  by  the  fluctuations  experienced  in  the  marine  fauna,  may 
bave  sufficed  to  uplift  or  sink  whole  continents  by  a  process  as  slow 
as  that  which  is  now  operating  in  Sweden  and  in  Greenland. 
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Lftstlf.  The  rotder  most  recall  to  mindwhatvu  Bud,  in  the  11th 
and  12^  chapters,  of  the  glacial  drift  and  its  far-transported  mite' 
rials.  How  wide  an  extent  of  the  British  Isles  appears  to  have  been 
under  the  sea  dnring  some  part  or  other  of  that  epoch!  Moat  of  the 
submerged  areas  were  afterwards  converted  into  Arj  land,  several 
hundred  and  in  some  places  more  than  a  thousand  £eet  high.  It  is 
an  opinion  Ter^'  commonly  entertained,  iJiat  the  central  axis  of  the 
WetM  was  diy  land  when  the  meet  characteristic  northern  drift 
originated ;  no  traces  of  northem  orratice  having  been  met  wi^ 
&rther  south  than  Highgat«  near  London.  If  such  were  the  cue, 
tlie  Weald  was  probably  dry  land  at  the  era  when  the  baried  fweat 
of  Cromer  in  N^orfolk  (see  above,  p.  137.  and  154.)  flourished,  and 
when  the  elephant,  rhinoceros,  hippopotamus  extinct  beaver,  aod 
other  mammals  peopled  tliat  country.  It  may  also  be  presumed  that 
the  Weald  continued  above  the  aea-level  when  that  forest  sank  down 
to  receive  its  covering  of  bontder-clay,  gravel,  chalk-rubbl^  and 
other  deposits,  sereral  hundred  feet  thick  Bat  it  by  no  mMu 
follows  that  the  uea  of  the  Weald  vraa  stationary  during  all  tbia 
period.  Its  surface  may  have  been  modified  again  and  again  during 
the  Glacial  era,  though  it  may  never  have  been  submerged  beneath 
theeea. 

Kir.  Trimmer  has  represented  in  a  series  of  four  maps  his  views 
as  to  the  successive  changes  which  the  physical  geography  of  Eng- 
land and  parts  of  Europe  may  have  undergone,  after  the  commence- 
ment of  the  Glacial  epoch."  In  ^e  last  but  one  of  these  he  plMes 
tiie  Weald  under  water  at  a  date  long  posterior  to  the  forest  cf 
Cromer.  In  the  fourth  map  he  represents  the  Weald  as  recon- 
verted into  land  at  a  time  when  England  Was  unit«d  to  the  eon- 
tinent,  and  when  the  Thames  was  a  river  of  greater  volume  and  of 
more  easterly  extension  than  it  is  now,  as  proved  by  his  own  and 
Mr.  Austen's  observations  on  the  antuent  ^uvium  of  the  Thamee 
with  its  fteshwater  fossils  at  points  very  near  the  sea.  To  ^seius 
the  various  data  on  which  such  conclusions  depend,  would  lead  me 
into  too  long  a  digression ;  I  merely  aUode  to  them  in  this  place 
to  show  tha^  while  the  researches  of  Mr.  Freatwich  estdslish  the 
extreme  remoteness  of  the  period  when  the  denuding  operatkHU 
began,  those  of  other  geologists  above  cited,  to  whom  Mr.  Martin, 
Professor  Morris,  and  Sir  R.  Murchison  should  be  added,  prove  that 
important  superficial  changes  have  occurred  at  very  modern  eras. 

la  Denmark,  especially  in  the  island  of  Moen,  Mr.  Puggaard  hai 
demonstrated  that  etrata  of  chalk  with  flints,  nearly  aa  thick  as  the 
white  cbalk  of  the  Isle  of  Wight  and  Purbeck,  have  undergone  dis- 
turbances  and  contortions  since  the  northem  drift  was  formed.f  Hw 
layers  of  chalk-flint  e^xwed  in  lofty  sea-cli&s  are  often  verticd  and 
curved,  and  the  sands  and  clays  of  the  overlying  drift  follow  the  bond- 
ings and  foldings  of  the  older  beds,  and  have  evidently  suffered  the 
same  derangement.     If,  therefore,  we  find  it  necessary,  in  order  V) 

*  G««L  Qoait  Joorn.,  toI  it.  pL  13. 
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explain  the  poritioD  of  Bome  beds  of  gnrel,  loam,  or  drift  in  the  sonth- 
east  of  England,  to  imagine  important  diBlocatums  of  the  chalk  and 
local  changes  of  level  dnce  the  Glacial  period,  such  speculationB  are 
in  harmony  with  conclorionB  derired  fcota  independent  oooroea,  or 
drawn  from  the  exploration  of  for^gn  countries. 

It  was  long  ago  observed  bj'  Dr.  Mantell  that  no  vestige  of  the 
ehalk  uid  its  flints  has  been  seen  on  the  central  ridge  of  the  Weald 
or  on  the  Hastings  Ssnds,  bat  merelj  gravel  and  loam  derived  from 
die  rocka  immediately  subjacent.  This  distribution  of  alluvium,  and 
especiaQ;  die  absence  of  chalk  detritus  in  the  central  district,  agrees 
well  with  the  theory  of  denudation  before  set  forth ;  for,  to  return  to 
fig.  S21.  (p.  274.),  if  the  chalk  (No.  2.)  were  onoe  continnoaa  and 
covered  every  where  with  flint-gravel,  this  snperfioial  covering  wontd 
be  the  flnt  to  be  carried  away  from  the  highest  part  of  the  dome 
kng  before  any  of  the  ganlt  (No.  3.)  was  laid  bare.  Now,  if  some 
mins  of  the  chalk  remain  at  first  on  the  gaolt,  these  would  be,  in  a 
great  degree,  cleared  away  before  any  part  of  the  lower  greensaad 
(No.  4.)  is  denuded.  Thus  in  proportion  to  the  number  and  thick- 
ness of  the  groups  removed  in  succeesioD,  is  the  probability  lessened 
of  our  finding  any  remnants  of  the  highest  group  strewed  over  the 
bared  sur&ce  of  the  lowest. 

But  it  is  objected,  that,  had  the  sea  at  one  or  several  periods  been 
the  agent  of  denudation,  we  should  have  found  ancient  sea-beaches 
at  the  foot  of  the  escarpments,  and  other  signs  <^  oceanic  erosion. 
As  a  general  mle^  the  wreck  of  the  white  chalk  and  its  fliota  can  only 
be  traced  to  slight  distances  &om  the  escarpments  of  the  North  and 
Sonth  Downs.  Some  exceptions  occur,  one  of  which  was  first  pointed 
out  to  me  in  183(^  by  the  late  Dr.  MantelL  In  this  case  the  flints 
are  seen  near  Barcombe,  three  miles  from  the  nearest  chalk,  as  indi> 
cated  in  the  annexed  section  (fig.  331.).  Even  here  it  will  be  seen 
that  the  gravd  reaches  no  forther  than  the  Weald  clay.     But 


it  19  worthy  of  remark,  that  such  depressions  as  that  between 
Barcombe  and  Offham  in  this  section,  arising  from  the  facility  with 
which  the  argillaceoaB  gault  (No.  4.  map.  p.  273.)  has  been  removed 
by  water,  are  vsnally  free  from  superficial  detritus,  although  such 
valleys,  ^toated  at  the  foot  of  escarpments  where  there  has  been 
nmch  waste,  m^ht  have  been  supposed  to  be  the  natural  receptacles 
of  the  wreck  of  the  undermined  cliffl.    The  question  is  therefore 
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often  put  bow  these  hollowa  conld  hare  been  swept  cleui  ezeept  fay 
some  extraordinarj  Cfttastrophe. 

The  freqaent  angularity  of  the  flints  in  the  drift  of  Barcombe  tnd 
ether  places  is  also  insisted  upon  as  another  indicatioa  of  denuding 
causes  differing  in  kind  and  degree  from  sn^  which  man  has  witneaied. 
But  all  who  have  examined  the  gravel  at  the  base  of  a  chak-cliC| 
in  places  where  it  is  not  peculiarly  exposed  to  the  conlinaoaB  ind 
violent  action  of  the  waves,  are  aware  that  the  flints  retwn  much 
angularity.  This  m&j  be  seen  between  the  Old  Harrj  rocks  i> 
Dorsetshire  and  Christchurch  in  Hampshire.  Thronghoot  the 
greater  part  of  that  line  of  coast  the  clifTs  are  formed  ot  tertisij 
strata,  capped  by  a  dense  covering  of  gravel  formed  of  flints  sUghtl; 
abraded.  Aa  the  waste  of  the  clifls  is  rapid  the  old  materials  ite 
gradaaUy  changed  for  new  ones  on  the  beach  ;  nevertheless  we  hire 
here  an  example  of  angles  being  retained  after  two  periods  of  attri- 
tion ;  first,  where  the  gravel  was  spread  originally  over  the  fioccna 
deposits ;  wid,  secondly,  after  the  Eocene  sands  and  clays  were  under- 
mined and  the  modem  cliff  formed. 

Angular  flint-breccia  is  not  confined  to  the  Weald,  nor  to  the 
transverse  gorges  in  the  chalk,  but  extends  along  the  neighbooring 
coast  from* Brighton  to  Rottingdean,  where  it  was  called  bj 
Dr.  Uantell  "  the  elephant-bed,"  because  the  lK»es  of  the  mammoih 
abound  in  it  with  those  of  the  horse  and  other  mammalia.  Tbe 
ft^owing  is  a  section  of  this  formation  as  it  appears  in  the  Brighton 
cUff* 


._ .     „      . ._ jMthlct,  connd  br  ikiaal*  tnM 

[oflghihMIhlchofprbblmif  chalk-BInt,  (nnlto,  iml  ttki  mit,  with  tnta  •>■ 

c.  Eliphuit-btd.  (IXHii  IrtT  fcM  Uiltk.  coulrtlni  or  liT<n  of  wblta  du!k  rnbW*.  with  bntao  d 
■InU.  oftn  nora  cooUhkIIt  urUlftad  ibu  >■  nfmaitti  la  thU  diavUit,  Id  wbltk  *n 

t,  Sud  iBd  italDfte  or  nadon  bHch. 

*  See  aim  Sir  S,  MnrchisoD,  GeoL  Qoait.  Jonm.  toJ.  viL  p.  M9. 
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To  explain  this  section  we  must  Eoppose  that,  after  the  excaratiiui 
of  the  cliff  A,  the  beach  of  sand  and  shingle  h  was  formed  bj  the 
long-continaed  action  of  the  sea.  The  presence  of  Littorma  lUtorea 
and  other  recent  littoral  shells  detennines  the  modern  date  of  the 
ucumnlation.  The  overlying  beds  are  composed  of  such  calcareous 
rubble  and  flints,  rudely  stratified,  as  are  often  conspicuous  in  parts 
of  the  Norfolk  coast,  where  they  are  associated  with  glacial  drift, 
sad  were  probably  of  contemporaneous  origin.  Similar  flints  and 
chslk-rubble  have  been  recently  traced  by  Sir  Roderick  Hurchison 
to  Folkestone  and  along  the  face  of  the  clifia  at  Dover,  where  the 
teeth  of  the  fossil  elephant  have  been  delected. 

Mr.  Prestwich  also  has  shown  that  at  Sangatte,  near  Calais,  on  the 
coast  exactly  oppoute  Dover,  a  similar  waterwom  beAch,  with  an 
incumbent  mass  of  angular  fiint-breccia,  is  visible.  I  have  myself 
visited  this  spot  and  fonnd  the  deposit  strictly  analogous  to  that  of 
Brighton,  ^e  fundament^  ancient  beach  has  been  uplifted  more 
than  10  feet  above  its  original  level.  The  flint-pebbles  in  it  have 
evidently  been  rounded  at  the  base  of  an  ancient  chalk-cliff,  the 
course  of  which  can  still  be  traced  inland,  nearly  parallel  with  the 
present  shore,  bat  with  a  space  intervening  between  them  of  about 
one  third  of  a  mile  in  its  greatest  breadth.  This  space  is  occupied  by 
a  terrace,  100  feet  in  its  greatest  height,  the  component  materials  of 
which  are  too  varied  and  complex  to  be  described  here.  They  are 
such  as  migh^  Z  conceive,  have  been  heaped  up  above  the  sea-level  in 
the  delta  of  a  river  draining  a  region  of  white  chalk.  The  delta  may 
perh^M  have  been  slowly  subsiding  while  the  strata  accumulated. 
Some  of  the  beds  of  chalk-rubble  with  broken  flints  appear  to  have 
had  channels  cut  in  them  before  the  uppermost  deposit  of  sand  and 
loam  was  thrown  down.  Tlie  angularity  of  the  flints,  as  Mr.  Prest- 
wich has  au^ested,  may  be  owing  to  their  having  been  previously 
shattered  when  in  the  body  of  the  chalk  itself;  for  we  often  see 
flinto  so  fractured  in  tilu  in  the  chalk,  especially  when  the  latter  has 
been  much  disturbed.  The  presence  also  in  this  Sangatte  drift  of 
large  iragments  of  angular  white  chalk,  some  of  them  two  feet  in 
diuDeter,  should  be  mentioned.  They  are  confusedly  mixed  with 
sm&Uer  gravel  and  flue  mud,  for  the  most  part  devoid  of  stratM- 
cation,  and  yet  often  too  far  from  the  old  clifis  to  have  been  a  talus. 
Z  therefore  suspect  that  the  waters  of  the  river  and  its  tributaries 
were  occasionaUy  frozen  over,  and  that  during  floods  the  carrying 
power  of  ice  co-operated  with  that  of  water  to  transport  fragile 
rocks  and  angular  flints,  leaving  them  unsorted  when  the  ice  melted, 
or  not  arranged  according  to  siie  and  weight  as  in  deposits  stratified 
b/  moving  water.  A  climate  like  that  now  prevailing  on  the 
borders  of  the  Baltic  or  in  Canada  might  produce  such  effects  long 
after  the  intense  cold  of  the  glacial  epoch  had  passed  away.  The 
abondance  of  mammalia  in  countries  where  rivers  are  liable  to  be 
annually  encumbered  with  ice,  is  a  fact  with  which  we  are  familiar 
in  the  northern  hemisphere,  and  the  frequency  of  fossil  remtune  of 
qaadmpeds  in  formations  of  glacial  origin  ought  not  to  exdte 
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Borprise.  As  to  Hhe  uigtiluity  of  the  flinti,  it  hu  been  thought  hj 
some  snthoritiee  to  implj  greiit  violence  in  tbe  raaoring  power, 
especially  in  those  cases  where  well-roanded  pebbles  wuhad  oat  of 
Eocene  strata  ore  likewise  found  broken,  Bometimes  with  Auf 
edges  and  often  with  irregular  pieces  chipped  out  of  tfaem  aa  if  bj  ■ 
eiuart  blow.  Such  fractured  pebbles  occur  not  unfrequeotly  in  tbe 
drift  of  the  valley  of  tJne  Thames.  In  explanation  I  may  mauk 
that,  in  the  Bla<^eath  and  other  Eocene  shingle-beds,  hard  egg- 
shaped  flint-pebbles  maj  be  found  in  such  a  state  of  decompoeilion 
as  to  break  in  tbe  same  manner  on  the  application  «f  a  modentt 
blow,  such  as  stones  might  encounter  in  the  bed  of  a  swollen  liv^. 

To  conclude :  It  is  a  fact,  not  questioned  hj  anj  geok^ist,  thtt 
the  area  of  the  Weald  once  rose  from  beneath  the  sea  afW  dte  origin 
of  the  chalk,  that  rock  being  a  marine  product,  and  now  constitatiBg 
dry  land.  Few  will  question,  that  part  of  the  same  area  remuned 
nnder  water  until  after  the  origin  of  the  Eocene  depoBits,  becsitM 
they  also  are  marine,  and  reach  to  the  edge  of  the  chalk-dowm. 
Whether,  therefore,  we  do  or  do  not  admit  tJte  occurrence  of  raler- 
ated  submersions  and  emersions  of  land,  tiie  first  of  them  as  cJd  as 
the  Upper  Crctoceone^  the  last  perhaps  of  Newer  Pliocene  or  even 
later  date^  we  are  at  least  compeUcd  to  grant  that  there  was  a  time 
when,  in  the  region  under  consideration,  the  waters  of  Uie  sea 
retreated.  The  presence  of  land-  and  river-sheUa,  and  the  bones  (^ 
terrestrial  quadrupeds  in  some  of  the  gravel,  loam,  and  flint-breccit 
of  the  Weald  may  indicate  a  fluviatile  origin,  bat  they  can  never 
disprove  the  prior  occupation  of  the  area  by  the  sea.  Heavy  rainti 
the  slow  decomposition  of  rocks  in  the  atmosphere,  land-floods,  ud 
rivers  (some  of  them  larger  than  those*  now  flowing  in  the  sine 
valleys)  may  have  modified  the  surface  and  obliterated  all  signs  of 
the  antecedent  presence  of  the  sea.  Littoral  shells,  once  strewed 
over  ancient  shores,  or  buried  in  the  sands  of  the  beach,  may  have 
decomposed  so  as  to  make  it  impoa«ble  for  as  to  assign  an  eisct 
paleontological  date  to  the  older  acts  of  denudation ;  but  the  r^novil 
of  Chalk  and  Greensaud  from  the  central  axis  of  the  Weald,  the 
leading  inequalities  of  hill  and  dale,  the  king  lines  of  escarpment,  tbe 
longitudinal  and  transverse  valleys,  may  stiU  be  mainly  due  to  tbe 
power  of  the  waves  and  currents  of  the  sea,  co-operating  with  thst 
upheaval  and  subsidence  and  dislocation  of  rocks  whioh  all  adnut 
to  have  taken  place. 

In  despur  of  solving  the  problem  of  the  present  geographical 
GonfiguratJon  and  geological  structure  of  the  Weald  by  an  appeal 
to  ordinary  causation,  some  geologists  are  bin  to  invoke  the  lii 
of  imaginary  "rushes  of  salt  water"  over  the  land,  during  Ike 
sudden  upthrow  of  the  bed  of  the  sea,  when  the  anticliaal  aii* 
of  the  Weald  was  formed.  Others  refbr  to  vast  bodies  of  &esk  water 
breaking  forth  from  subterranean  reservoirs,  when  the  rocks  wei* 
riven  by  earthquake-shocks  of  intense  violence.  The  siDgleness  of 
the  cause  and  the  unity  <^  the  result  are  emphatically  inusted  epo°  - 
the  catastrophe  was  abrupt,  tumultuous,  transient,  and  parojgvmsl; 
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fragmeiitB  <^  stone  were  iwept  along  to  great  diatmcee  without  time 
bdng  allowed  for  attrition  ;  allavium  was  thrown  down  uiistratifie<), 
ind  often  in  strange  eituatlong,  tm  the  flan]u  or  on  the  summits  of 
luUfl,  while  the  lowest  levels  were  left  bare.  The  convolsion  was  felt 
fiimultaneously  OTor  so  wide  an  area  that  all  the  indiriduab  of 
certain  species  of  qnadmpeds  were  at  once  uinihilated ;  yet  the 
erent  was  ccunparatively  modem,  for  the  species  of  teat«cea  now 
living  were  alreadj  in  existence. 

This  hypothesis  is  surely  untenable  and  unnecessary.  In  the 
present  chapter  I  have  endeavoured  to  show  how  numerons  have 
berai  the  periods  of  geograplucal  change,  and  how  vast  their  dura- 
tion.  Evidence  to  this  efibot  is  afforded  by  the  relative  position  of 
the  chalk  and  OTerlying  tertiary  deposits  ;  by  the  nature,  character, 
and  position  of  the  tertiary  strata ;  and  by  the  overlTing  alluvia  of 
the  Weald  and  adjacent  countries.  As  to  the  superficiAl  detritus  its 
issignificance  in  volume,  when  compared  to  the  missing  rocks,  should 
never  be  lost  sight  of.  A  mountain-mass  of  solid  matter,  hundreds 
of  square  miles  in  extent,  and  hundreds  of  yards  in  thickness,  has 
been  carried  away  bodily.  To  what  distance  it  has  been  transported 
we  know  not,  but  certainly  beyond  the  limits  of  the  Weald,  For 
achieving  such  a  task,  if  we  are  to  judge  by  analogy,  all  transient 
sod  sudden  agency  is  hopelessly  inadequate.  There  is  one  power 
ilone  which  is  competent  to  the  task,  namely,  the  mechanical  force 
of  water  in  motion,  operating  gradually,  and  for  ages.  We  have 
seen  in  the  6th  chapter  that  every  stratified  portion  of  the  earth's 
crnst  is  a  monument  of  denudation  on  a  grand  scale,  always  e&cted 
slowly  }  for  each  superimposed  stratum,  however  thin,  has  been  suc- 
ceasively  and  separately  elaborated.  Every  attempt  therefore,  to 
circumscribe  the  time  in  which  any  great  amount  of  denudation, 
ancient  or  modem,  has  been  accomplished,  draws  with  it  the  gra- 
tnitooa  rejection  of  llie  only  kind  of  machinery  known  to  ns  which 
possesses  the  adequate  power. 

i£,  then,  at  every  epoch,  &om  the  Cambrian  to  the  Pliocene  inclu- 
sive, voluminous  masses  of  matter,  such  as  are  missing  in  thO' Weald, 
have  been  transferred  from  place  to  place,  and  always  removed  gra- 
doaUy,  it  seems  extravagant  to  imagine  an  exception  in  the  very 
region  where  we  can  prove  the  first  and  last  acts  of  denudation  to 
have  been  separated  by  so  vast  an  interval  of  time.  Here,  might  we 
say,  if  any  where  within  the  range  of  geological  enquiry,  we  have 
'time  enough  sod  without  stint  at  our  command. 
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DITISIOKS  OF  THE  OOLITE. 


CHAPTER  TTT. 

JUBUSIO  OBOVP. FDBBKOK  BKDS  IKD  OOLITE, 

nieFnibBckbcdjamemberof  the  Jnnusic^roup— SnbdiriiicHii  of  thatgnii]i— 
Pbyiical  gtagiwphj  of  the  Oolite  in  England  Kid  fnnce — Upper  Oolite  — 
Purbeck  beda  —  Sew  fossil  MKimnifer  found  at  Swuage — Dirt-bed  or  isdelil 
■oil — Fonilsof  the  Furbeck  beds— Fwtland  None  and  foaiila— Lilbognplw 
stone  of  Solenhofen — Middle  OaliCe  —  Coral  rag  —  Zoophjte* — Nerinoin  lime- 
Mone — Dieenu  limestone — Oxford  cUj,  Anunonitee  and  Beleninitei— lows 
Oolita,  Crinoideani— Great  Oolite  and  Bradford  cUf  —  Stooeafiold  ibn  — 
fociil  in«ninn«li«^  placenta]  and  ntarm^Hal — BeMmbLmoi  to  an  AmUiliu 
l^ana  — Nonhamptonshir«  lUtet — ToA^iire  Oolitic  coal-deU — Btott  cod— 
Fnller'a  earth  —  Inferior  Oolite  and  fbsails. 

Ikkedutelt  below  the  Hutingg  Sands  (the  inferior  member  of 
the  Wealden,  as  defined  in  the  I8th  chapter),  we  find  in  Dtvsetdiin 
another  remarkable  freshwater  formation,  called  tie  I^riedt, 
becaose  it  was  first  etadied  in  the  eea-clifis  of  Hlb  peuinsnla  of  Pur- 
beck  in  Dorsetehire.  These  beds  were  formerly  grouped  with  Um 
Wealden,  bat  some  organic  remains  recently  discovered  in  certain 
intercalated  marine  beds  show  that  the  Purbeck  series  has  a  clo» 
affinity  to  the  Oolitic  group,  of  which  it  may  be  considered  as  tbe 
newest  or  uppermost  member. 

In  England  generally,  and  in  t^e  greater  part  of  Europe,  both  the 
Wealden  and  Furbeck  beds  are  wanting,  and  the  marine  cretaceoui 
group  is  followed  immediately,  in  the  descending  order,  by  another 
series  called  the  Jurassic.  In  this  term,  tbe  formations  commonly 
designated  as  "  the  Oolite  and  Lias  "  are  included,  both  being  famid 
in  tbe  Jura  Mountains.  Tbe  Oolite  was  so  named  because  in  tbe 
countries  where  it  was  first  examined,  tbe  limestones  belongbg  to  it 
had  an  oolitic  structure  (see  p.  12.).  These  rocks  occupy  in  Eng- 
land a  zone  which  is  nearly  30  miles  in  average  breadth,  and  extendi 
across  tbe  islaud,  from  Yorkshire  in  the  north-east,  to  Dorsetshire 
in  the  BOutb-wesL  Their  mineral  characters  are  not  imi&rm 
throngbont  this  region ;  bat  the  following  are  tbe  names  <^  the 
principal  subdivisions  observed  in  the  central  and  santh-ewteni 
parts  of  England : — 

OOLITE. 

{a.  Porbeck  bedi. 
h.  Portland  atone  and  sand. 
c  Kimmeridge  clay. 

!/.  Combrach  and  Format  marble. 
g.  Great  Oolite  and  Btonesfield  slate. 
IPDller-i  earth. 
L  Inferior  Oolite. 
1b»  Uai  then  mcceedi  to  the  Inferior  Oolite. 
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Hie  Tipper  oolitic  system  of  the  above  table  bas  usnallj  tbe  Kim- 
meridge  claj  for  its  base ;  the  Middle  oolitic  B^Btem,  tbe  Oxford 
clay.  The  Lgwer  syBtem  reposes  on  the  Lias,  an  argillo-calcareoua 
Ibrmatioii,  which  some  include  in  the  Lower  Oolite,  but  wbich  will 
be  treated  of  separately  in  the  next  chapter.  Muiy  of  these  eub- 
diririons  are  diatingnighed  by  peculiar  organic  remains ;  and,  tbongb 
Tuying  in  thickness,  may  be  traced  in  certain  directions  for  great 
disUoces,  especially  if  we  compare  the  put  of  England  to  wbich  tbe 
■bore-meationed  type  refers  with  the  north-east  of  France  and  the 
Jim  monntaina  adjoining.  In  that  country,  distant  above  400  geo- 
graphical miles,  the  analogy  to  the  accepted  Engliah  type,  notwith- 
standing the  thinneea  or  occasional  absence  of  tbe  clays,  is  more 
perfect  than  in  Yorkshire  or  Normandy. 

nytieal geography. — Tbe  alternation,  on  a  grand  scale,  of  distinct 
foimations  of  clay  and  limestone  has  caused  Uie  oolitic  and  liassic 
aeriee  to  give  rise  to  some  marked  featurea  in  the  physical  oatline  of 
parts  of  England  and  France.  Wide  valleys  can  usually  be  traced 
thioogliout  the  long  bands  of  country  where  the  argillaceous  strata 
cn^  out ;  and  between  these  valleys  the  limestones  are  observed, 
composing  ranges  of  bilU  or  more  elevated  grounds.  These  ranges 
lenninate  al^nptly  on  tbe  side  on  which  tiie  several  days  rise  up 
&om  beneath  the  calcareous  strata. 

The  annexed  cut  will  give  the  reader  an  idea  of  tbe  configorfttiou 
of  the  surface  now  alluded  to,  such  as  may  be  seen  in  passing  from 
London  to  Cheltenham,  or  in  other  parallel  lines,  firom  east  Ui  west, 
in  the  southern  part  of  England.    It  bu  been  necees&ry,  however. 


in  this  drawing,  greatly  to  exaggerate  the  inclination  of  the  beds, 
ud  the  height  of  the  several  formations,  as  compared  to  their 
horizoDtf^  extent.  It  will  be  remarked,  ^at  tbe  lines  of  cliff,  or 
(scupment,  face  towards  tbe  west  in  tbe  great  calcareons  eminences 
formed  by  the  Cbalk  and  the  Upper,  Middle,  and  Lower  Oolites ; 
and  at  the  base  of  which  we  have  respectively  the  Gault,  Kim- 
meridge  cl^y,  Oxford  clay,  and  Lias.  "Diis  last  fonns,  generally,  a 
broad  vale  at  tbe  foot  of  tbe  eacarpment  of  inferior  oolite,  but  where 
it  scquires  considerable  thickness,  and  contains  solid  beds  of  marl- 
stone,  it  occupies  the  lower  part  of  the  escarpment 

'Die  external  outline  of  tbe  country  wtiich  tbe  geologist  observes 
ia  travelling  eastward  from  Paris  to  Metz  ia  preciaely  analogous,  and 
ia  csQsed  by  a  similar  ancceasion  of  rocks  intervening  between  the 
tertiary  strata  and  tbe  Lias  ;  with  this  dij^rence,  however,  that  tbe 
McarpmeDla  of  Chalk,  Upper,  Middle  and  Lower  Oolites  face 
towards  tbe  east  instead  of  the  west 
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The  GbaUc  cropB  oot  frota  beneath  the  tertiuy  sands  and  clajra  of 
the  Faria  basin,  near  Epernay,  and  the  Gault  from  beneath  the 
Chalk  and  Upper  Greenaand  at  ClBnnont-en -Argon ne ;  aad  punng 
from  this  place  hj  Terdnn  and  fitain  to  Metz,  wb  find  two  limestone 
ranges,  with  intervening  rales  of  clay,  precisely  reeembUng  thiwe  of 
sonthern  and  central  England,  until  we  reach  the  great  plun  of  Utt 
at  the  base  of  the  Inferior  Oolite  at  Metz. 

It  is  evident,  therefore,  that  the  dennding  causes  hsvo  acted  aimi- 
larly  over  an  area  several  hundred  miles  in  diameter,  sweeping  airi; 
the  softer  claya  more  extensively  than  the  limestones,  and  under- 
mining these  last  so  as  to  cause  tfaem  to  form  steep  cliflb  wbereTer 
the  harder  calcareous  rock  was  based  upon  a  more  yielding  and 
destructible  clay. 

rPFBB  OOLITE. 

Furbeek  fied*  (a.  Tab.  p.  292.), — 'Hieseatrata,  which  we  class  as  (he 
uppermoat  member  of  the  Oolite,  are  of  limited  geogp^phical  extent 
in  Europe,  aa  already  st&ted,  but  they  acquire  importance,  when  we 
consider  the  succession  of  three  distinct  sets  of  fossil  remains  which 
they  contain.  Such  repeated  changes  in  organic  life  must  have  re- 
ference to  the  history  of  a  vast  lapse  of  ages.  Hie  Purbeck  beds 
are  finely  exposed  to  view  in  Dordlestone  Bay,  near  Swanage,  Dor- 
setshire, and  at  Lnlworth  Cove  and  the  neighbouring  bays  between 
Weymouth  and  Swanage.  At  Meup'a  Bay,  in  particular,  Prof.  E. 
Forbes  examined  minutely  in  1850  the  oi^anic  remains  of  this 
group,  displayed  in  a  continnona,  aea-cliff*  section ;  and  be  added 
largely  to  the  information  previously  aupplied  in  the  worka  of 
Messrs.  Webster,  Fitton,  De  k  Beche,  BucUand,  and  MantelL  It 
appears  from  these  researches  that  the  Upper,  Middle,  and  Lower  Pur- 
becks  are  each  marked  by  peculiar  speciea  of  organic  remains,  these 
again  being  different,  so  far  as  a  comparison  has  yet  been  institated, 
&om  the  fossils  of  the  overling  Hastings  Sands  and  Weald  Clay.* 

Upper  Purbeek.  —  The  highest  of  the  three  divisions  is  purely 
freshwater,  the  strata,  about  50  feet  in  thickness,  conttuning  shetlt 
of  the  genera  Paludina,  Phi/sa,  Limruev*,  Ftaiiorbis,  Valvata,  Cydat, 
and  Unto,  with  Cypridei  and  fish.  All  the  species  seem  peculiar, 
and  among  theae  the  CypTides  ore  veT7  abundant  and  chaiacteristic 
(See  figs.  884.  a,  b,  e.) 
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The  etone  called  "Purbeck  marble,"  formerly  mnch  used  in 
ornAmental  architecture  in  the  old  English  cathedrals  of  the 
soatbem  counties,  is  exclusively  procured  from  this  diviaion. 

JHiddk  Pttrbeck, — Next  in  succession  is  the  Middle  Purbeck, 
aboDt  30  feet  thick,  the  uppermost  part  of  which  consists  of  fresh> 
water  limestone,  with  cjprides,  turtles,  aud  fish,  of  different  species 
from  those  in  the  preceding  strata.  Below  the  limestone  are 
brackish-water  beds  full  of  Cyrena,  and  traversed  by  bands  abound- 
ing in  CorbtUa  and  Melania.  These  are  based  on  a  purely  marine 
deposit,  with  Pecten,  Modiola,  Avicula,  Tftracw,  all  nsdescribed 
shells.  Below  this,  again,  come  limestones  and  shales,  partly  of 
brackish  and  partly  of  freshwater  origin,  in  which  many  fish, 
especiaDy  species  of  Lepidotui  and  Mierodon  radiattu,  are  found, 
and  a  crocodilian  reptile  named  Mtxcrorkyneui.  Among  the  mol- 
losks,  a  remarkable  ribbed  MeUmia,  of  the  section  Chilira,  occurs. 

Immediately  below  is  the  great  and  conspicuous  stratum,  12  feet 
thick,  long  familiar  to  geologists  under  the  local  name  of  "  Cinder- 
bed,"  formed  of  a  vast  accumulation  of  shells  of  Oitrea  dUtorta 
(fig.  335.).  In  the  uppermost  part  of  this  bed  Prof.  Forbes  dis- 
eovered  the  first  echinoderm  (fig.  386.)  as  yet  known  in  the  Purbeck 
leries,  a  species  of  Hemicidarii,  a  genus  characteristic  of  the  Oolitic 
period,  and  scarcely,  if  at  all,  distinguishable  from  a  previously 
known  oolitic  species.     It  was  accompanied  by  a  species  of  Pema. 


J,  Middla  Puitiecil. 


Middle  FuRiKk. 

Below  the  Cinder-bed  freshwater  strata  are  again  seen,  filled  in 
inuiy  places  with  species  of  Ci/pria  (fig.  337.  a,  b,  e),  and  with  Vahata, 


^Utcdtno,  Ptanorbii,  Limntewt,  Fhysa  (fig.  838.X  uid  CyeUu,  all 
different  from  any  occurring  higher  in  the  series.    It  will  be  seen 
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that  Cypria  ftaciculata  (fig.  337.  b)  has  tabereletit 
the  end  onlj  of  each  Talve,  a  character  \>y  which  it 
can  be  immediatelj'  recognized.  la  fact,  these  minote 
crustaceana,  almost  as  frequent  in  Bome  of  the  Bhale^ 
as  plates  of  mica  in  a  micaceona  Eandstone,  enable 
geologislfi  at  once  to  ideotify  the  Middle  Forheck  in 
Pkw  Briuocn.  places  far  from  the  Dorsetshire  clifia,  as  for  examplf, 
"'  '^  pTb-^"""  in  the  Vale  of  Wardour,  in  Wiltshire.  Thick  ailiceou 
beds  of  chert  occur  in  the  Middle  Furbeck  filled 
Trith  molluBca  and  cyprides  of  the  genera  already  enumerated,  in  i 
beautiful  state  of  preserradon,  often  converted  into  chalceilaii;. 
Among  theae  Prof.  Forbes  met  with  g^rogoaitea  (the  spore  vesseb 
of  Chara),  plants  never  until  1851  discovered  in  rocks  older  tbu 
Eocene.  In  a  bed  of  this  aeries,  about  20  feet  below  the  "  Cinder," 
Mr.  W.  R.  Brodie  has  lat^lj  found  (1854),  in  Dnrdleatone  Bsj, 
portions  of  several  small  jaws  with  teeth,  which  Prof.  Qwea,  after 
clearing  away  the  matrix,  recognized  as  belonging  to  a  small  mun* 
mifer  of  the  insectivorous  class.  The  teeth  with  pointed  cups 
resemble  in  some  degree  those  of  the  Cape  Mole  {Chrj/toeibra 
aurea) ;  but  the  number  of  the  molar  teeth  (at  least  ten  in  each 
ramus  of  the  lower  jaw)  accords  with  that  in  the  extinct  Thylaca- 
therium  of  the  Stonesfield  Oolite  (see  below,  Chap.  XX.).  This 
newly  found  quadruped,  therefore,  seems  to  have  been  more  closely 
allied  in  its  dentition  to  the  Thylacotherium  than  to  any  existing 
insectivorous  type.  As  in  Thylacotberium,  the  angular  process  of 
the  jaw  is  not  bent  inwards,  an  OBteol<^cal  peculiori^  confined  to 
the  marsupial  tribes  (see  Chap.  XX.),  and  Prof.  Owen  therefore 
refers  the  Spalacolherium  to  the  placental  or  ordinary  class  of 
monodelphous  manmialia. 

In  a  former  edition  of  this  work  (1852),  after  alluding  to  lbs 
discovery  of  numeroua  insects  and  ur-breathing  mollusca  in  the 
"  Furbeck,"  I  remarked  that,  although  no  mammalia  had  then  been 
found,  "  it  was  too  soon  to  infer  their  non-existence  on  mere  n^a- 
tivB  evidence."  The  scarcity  of  the  rem^s  of  warm-blooded 
quadrupeds  in  Oolitic  rocks,  and  the  fact  of  none  having  yet  been 
met  with  in  deposits  of  the  Cretaceous  era,  may  imply  that  there 
were  few  mammalia  then  living,  and  their  limited  numbers  may 
possibly  have  some  connection  with  the  enormous  development  of 
reptile  life  in  all  Secondary  periods,  as  compared  to  Tertiaiy  or 
Becent  times.  If  so,  the  phenomenon  has  at  least  no  relation  to  an 
incipient  or  immature  condition  of  the  planet^  as  some  have  imagined, 
for,  so  far  from  being  characteristic  ofprimary  or  even  older  aecondary 
times,  it  belongs  to  the  Maestricht  chalk,  the  newest  subdivision  of  the 
cretaceous  series,  and  that  too  in  a  manner  even  more  marked  than 
in  the  older  oolitic  rocks.  Nevertheless  in  the  present  imperfect 
state  of  our  information  respecting  the  land-animals  of  the  CretsceoDS 
and  Jurassic  periods,  excluaivelj  derived  from  marine  and  flaviatile 
strata,  and  our  total  ignorance  of  the  deposits  formed  in  lakes  and 
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uTems  at  the   aune  date,  it  would  be  premature  to  attempt  to 
generalize  on  the  nature  of  so  ancient  a  terrestrial  fatina. 

Beneatli  the  freshwater  strata  last  described,  a  very  thin  band  of 
greenish  shales,  with  marine  shells  and  impressions  of  leaves,  like 
those  of  a  large  Zottera,  socceeds,  forming  the  base  of  the  Middle 
Purbeck. 

Lotoer  Purbeeli. — Beneath,  the  thin  marine  band  above  men< 
tioDod,  purely  freshwater  marls  occur,  containing  species  of  Cypru 

(fig.  339.  a,  b\    Vahata,  and 

Limnteut,  difierent  from  those 
f  the  Middle  Purbeck.  This 
s  the  beginning  of  the  inferior 
division,  which  is  about  80  feet 
thick.  Below  the  marls  are  seen 
more  than  30  feet  of  brackish- 

^.  Fotbn.  abcnnding  in  a  species  of  Str- 
pula,  allied  to,  if  not  identical  with,  Serjmla  coacerviiet,  found 
m  beds  of  the  same  age  in  Haaover.  There  are  also  sheUs  of 
the  genus  Sistoa  (of  the  subgenus  Bydrolna),  and  a  Uttle  Cardium 
of  the  subgenos  Proiocardittm,  in  Uie  same  beds,  t<^;ether  with 
Cyprit.  Some  of  the  cj^ris-bearing  shales  are  strangely  contorted 
sod  broken  op,  at  the  west  end  of  the  Isle  of  Purbeck.  The  great 
dirt-bed  or  vegetable  soil  containing  the  roots  and  stools  of  Cycadea, 
which  I  shall  presently  describe,  underlies  these  marls,  and  rests 
upra  the  lowest  freshwater  limestone,  a  rock  abont  8  feet  thick, 
contuning  Cyclai,  Valvala,  and  Limnata,  of  Uie  same  species  as 
those  of  the  uppermost  part  of  the  Lower  Purbeck,  or  ^>ove  the 
dirt-bed.  The  freshwater  limestone  in  its  turn  rests  upon  the  top 
beds  of  the  Portland  stone,  which,  although  it  contains  purely 
rasriite  remuns,  often  consists  of  a  rock  quite  homogeneous  in 
mineral  character  with  the  Lowest  Purbeck  limestone.* 

The  most  remarkable  of  all  the  varied  succession  of  beds  enu- 
merated in  the  above  list^  is  that  called  by  the  quarrymen  "the 
dirt,"  or  "  black  dirt,"  which  was 
^'*''**''  evidently  an   ancient  vegetable 

soil.  It  is  from  12  to  18  inches 
thick,  is  of  a  dark  brown  or  black 
colour,  and  contains  a  large  pro- 
portion of  earthy  lignite.  Tlirough 
it  are  dispersed  rounded  frag- 
ments of  stone,  from  3  to  9  inches 
in  diameter,  in  such  numbers  that 
it  almost  deserves  the  name  of 
ft-fa«- («-««,)  «,.ta,-,«.,Budu^.  ei"^^^-  Many  silicified  trunks 
.  of  coniferous  trees,  and  the  re- 

•  We3ioii,OeoLQ.J.,Tol.Tiiip.  IIT. 
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maina  of  planta  allied  to  Zamia  and  Cycat,  are  buried  in  this  dirt- 
bed  (see  figure  of  fossil  species,  fig.  840.,  and  of  living  Zanaa,  fig. 
341.) 

Kg.  Ml. 


These  plants  maEt  have  become  fossil  on  the  spots  when  tliBf 
grew.  The  stumps  of  the  trees  stand  erect  for  a  height  of  fKOi 
1  to  8  feet,  and  even  in  one  instance  to  6  feet,  with  tliar 
roota  attached  to  the  soil  at  about  the  same  distances  from  one 
another  as  the  trees  in  a  modern  forest.*  The  carbonaceous  mstier 
is  most  abnndatit  immediately  around  the  stumps,  and  round  ^ 
remains  of  fossil  CyeadeiE.\ 

Besides  the  upright  stumps  above  mentioned,  the  dirt-bed  conbuni 
the  stems  of  siUcified  trees  laid  prostrate.  These  are  partly  swi 
into  the  black  earth,  and  partly  enveloped  by  a  calcareous  da's 
which  covers  the  dirt-bed.  The  fragment*  of  the  prostrate  trees  «« 
rarely  more  than  3  or  4  feet  in  length ;  but  by  joining  many  it 
them  together,  trunks  have  been  restored,  having  a  length  from  tbe 
root  to  the  branches  of  from  20  to  23  feet,  the  stems  being  midivided 
for  17  or  20  feet,  and  then  forked.  The  diameter  of  these  near  the 
roots  is  about  I  foot  Root-shaped  cavities  were  observed  by 
Professor  Henslow  to  descend  from  the  bottom  of  the  dirt-bed  into 
the  subjacent  freshwater  stone,  which,  though  now  solid,  must  haw 
been  in  a  soft  and  penetrable  state  when  the  trees  grew.f 
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•  Mr.  Webster  fint  noQced  the  erect  Trwii,  fltcond  Series  toI  fr.  p.  16. 

notion  of  the  ireca  and  dsKribed  the  Prof.  Forbes  hu  ascertained  (hat  ths 

Diit-bed.  anbjacent  rock  is  a  tnAwBa  limeSone, 

t  FiUon,  GeoL  Trana.,  Second  Seriea,  and  not  a  portion  of  the  Fonlaiuf  ooliw. 

«a.  iv.  pp.  220,  221.  M  „Ba  prerioiuly  imagined. 

i  Buckkud  and  De  la  Boche,  QcoL 
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The  thin  liyers  of  calcu-eona  sUte  (fig.  342.)  vera  eridendj'  de- 
posited tranqnilly,  and  would  hare  been  horizontal  bnt  for  the  pro- 
trnsion  of  the  stumps  of  the  trees,  around  the  top  of  each  of  which 
they  fbrm  hemi  spherical  concretione. 

The  dirt-bed  ia  by  no  means  confined  to  the  island  of  Portland, 
where  it  baa  been  moet  carefully  studied,  but  is  seen  is  the  same 
relative  position  in  the  cliffs  east  of  Lulworth  Cove,  in  Dorsetshire, 
where,  as  the  strata  have  been  diatorbed,  and  are  now  inclined  at  an 
angle  of  45°,  the  stumps  of  the  trees  are  also  inclined  at  the  same 
angle  in  an  opposite  direction — a  beautiful  illustration  of  a  change 
in  the  position  of  beds  originally  horizontal  (see  fig.  343.).     Traces 

Flf.  WJ. 


of  the  dirt-bed  have  also  been  observed  by  Mr.  Fiaher,  at  Kidgway ; 
by  Dr.  Buckland,  about  two  miles  north  of  Thame,  in  Oxfordshire ; 
and  by  Dr.  Fitton,  in  the  cliffs  in  the  Bonlonnois,  on  the  French 
coast;  but,  as  might  be  expected,  this  freshwater  deposit  is  of 
limited  extent  when  compared  to  most  marine  formations. 

From  the  facts  above  described,  we  may  infer,  first,  that  those 
bed*  of  the  upper  Oolite,  called  "  the  Portland,"  which  are  full  of 
marine  shells,  were  overspread  with  fiuviatile  mud,  which  became 
dry  land,  and  covered  by  a  forest,  throughout  a  portion  of  the  space 
now  occupied  by  the  south  of  England,  the  climate  being  such  as  to 
admit  the  growth  of  the  Zamta  and  Cyetu.  2dly.  This  land  at 
length  sank  down  and  was  submerged  with  its  forests  beneath  a 
body  of  fresh  water,  from  which  sediment  was  thrown  down  enve- 
loping flnviatile  shells.  3dly.  The  regular  and  uniform  preservation 
of  this  thin  bed  of  black  earth  over  a  distance  of  many  miles,  shows 
that  the  change  fhim  dry  land  to  the  state  of  a  freshwater  lake  or 
estuary,  was  not  accompanied  by  any  violent  denudation,  or  rush  of 
water,  since  the  loose  black  eardi,  together  with  the  trees  which  lay 
proetrate  on  its  surface,  most  inevitably  have  been  swept  away  had 
any  auch  violent  catastrophe  taken  place. 

The  dirt-bed  has  been  described  above  in  its  most  simple  form, 
bat  in  some  section*  the  appearances  are  more  complicated.  The 
forest  of  die  dirt-bed  was  not  everywhere  the  first  vegetation  which 
grew  in  this  region.  Two  other  beds  of  carbonaceous  clay,  one  of 
them  containiug  Cycadea,  in  an  upright  position,  have  been  found 
below  it,  and  one  above  it,  which  implies  other  oscilladona  in  the 
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level  of  the  eune  ground,  and  its  alternate  occupation  bj-  land  ud 
water  more  than  once. 

TabU  tkateing  the  changes  of  nudium  tn  wAtcA  the  etrata  «m 
formed,  from  the  Portland  Stone  i^  to  the  Lower  Greentavd  '»■ 
elutive,  in  the  touth-eatt  of  England  (beginning  vnlh  Ae  lomeity 


S.  FrediirUeT 
Lud 
FreAwater 
Lud 

TreahwaUr 
Iwd  (Dirt-bed) 
TminrtUa 
Land 
Bnekkli 


Fottlaod  Stone. 


Lower  Pnrbeck. 


ftCddle  Furixd. 


3.  Marine 
Freah  water 

Brackiih 

Brackish 
FreehwBtarJ 
1.  Fresliwater    Upper  FarbecL 

5.  Fteahwatarl 
Biackuli      ^  Haatingi  Saiida 

6.  Freahwaler    Wealden  CUj. 

7.  Halins  Lows'  QneaMiid. 

The  annexed  tabular  view  win  enable  the  reader  to  take  in  at  i 
glance  the  sncceaeive  changes  from  sea  to  riTer,  and  frtun  nvtx  la 
sea,  or  from  these  agun  to  a  state  of  land,  which  have  occmred  in 
this  part  of  England  between  the  Oolitic  and  Cretaceous  periods. 
That  there  have  been  at  least  four  changes  in  the  spedes  of  lestaeet 
during  the  depoaildon  of  the  Wealdeu  and  Forbeck  beds,  seems  to 
follow  from  the  observations  recently  made  bj  Prof  Forbes^  so  thsi^ 
should  we  hereafter  find  the  signs  of  many  more  alternate  occupations 
of  the  same  area  bj  different  elements,  it  is  no  mora  than  we  might 
expect.  Even  daring  a  small  part  of  a  zoological  period,  not  snft- 
cient  to  allow  time  for  many  species  tO  die  out^  we  find  that  the 
same  area  has  been  laid  dry,  and  then  submerged,  and  then  again 
laid  dry,  as  in  the  deltas  of  the  Fo  and  Ganges,  the  history  of  which 
has  been  brought  to  light  by  Artesian  borings.*  We  also  know  tbst 
similar  revolutions  have  occurred  within  the  present  century  (1819) 
in  the  delta  of  the  Indus  in  Cntchf,  where  land  has  been  laid  penna- 
nently  under  the  waters  both  of  the  river  and  sea,  without  its  soil 
or  slunbs  having  been  swept  away.  Even,  independently  of  my 
vertical  movements  of  the  ground,  we  see  in  the  principal  deltas  snch 
as  that  of  the  Mississippi,  that  the  sea  extends  its  salt  wsten 
annually  for  many  months  over  considerable  spates  which,  at  other 
seasons,  are  occupied  by  the  river  during  its  inundations. 

It  will  be  observed  that  the  division  of  the  Furbecks  into  upper, 
middle,  and  lower  has  been  made  by  Profl  Forbes,  strictly  4m  the 
principle  of  the  entire  distinctness  of  the  species  of  organic  remains 
which  they  include.  The  lines  of  demarcation  are  not  lines  of  dis- 
turbance, nor  indicated  by  any  striking  physical  characters  or  miseial 
changes.  The  features  which  attract  die  eye  in  the  Furbecks^  such 
as  the  dirt-beds,  the  dislocated  strata  at  Lnlworth,  and  the  Cinder- 

*  S«e'  FrindplM  of   OeaL  Sth   ed.        f  Ibid.  p.  MO. 


,i,Googlc 


Cb.  ZX.]  POBTLAim  STONE,  301 

bed,  do  not  indickte  anj  breaks  in  the  distribution  of  orgftnii^d 
beings,  "  The  causes  which  led  to  s  complete  change  of  life  three 
times  during  the  deposition  of  the  freshwater  and  brackish  strata 
mnst,"  SS78  this  naturalist,  "be  sooght  for,  not  simply  in  ^therk 
rapid  or  a  sudden  change  of  their  area  into  land  or  sea,  bat  in  the 
great  lapse  of  time  which  intervened  between  the  epochs  of  depositioa 
at  certain  periods  during  their  formation." 

Each  dirt-bed  may,  no  doubt,  be  the  memorial  of  many  thousand 
years  or  centuries,  because  we  find  that  2  or  3  feet  of  vegetable  soil 
is  the  only  monument  which  many  a  tropical  forest  has  left  of  its 
existence  ever  »nce  the  ground  on  which  it  now  stands  was  first 
covered  with  its  shade.  Ye^  even  if  we  imagine  the  fossil  soils  of 
the  Lower  Purbeck  to  represent  as  many  ages,  we  need  not  expect 
OQ  that  account  to  find  them  constituting  the  lines  of  separation 
between  snccessive  strata  characterized  by  difierent  soological  types. 
Hie  preservation  of  a  layer  of  vegetable  soil,  when  in  the  act  of  being 
submerged,  must  be  regarded  as  a  rare  exception  to  a  general  rule. 
It  is  of  so  perishable  a  nature,  that  it  must  usually  be  carried  away 
by  the  denuding  waves  or  cnrrents  of  the  sea  or  by  a  river ;  and 
many  Purbeck  dirt-beds  were  probably  formed  in  succesuon,  and 
annihilated,  besides  those  few  which  now  remain. 

The  plants  of  the  Purbeck  beds,  bo  far  as  our  knowledge  extends 
at  present,  consbt  chiefly  of  Ferns,  Conifene  (fig.  844.),  and  CycadesB 
F!|.M«.  i^S-  840.),  without  any  exogens  ;  the  whole  more 

allied  to  the  Oolitic  than  to  the  Cretaceous  vege- 
tation. The  vertebrate  and  invertebrate  aninuJs 
indicate,  like  the  plants,  a  somewhat  nearer  rela- 
tiouBhip  to  the  Oolitic  than  to  the  cretaceous 
period.  Mr.  Brodie  has  found  the  remains  of 
beetles  and  several  insects  of  the  homopterous  and 
trichopterous  orders,  some  of  which  now  live  on 
plants,  while  others  are  of  such  forms  as  hover 
iik»i"pirr£iek.'{'riuM!)   over  tie  surface  of  our  present  rivers. 

Pbrtlartd  Slone  and  Sand  (b.Ts.h.  p.  292.). — The  Portland  stone  has 
already  been  mentioned  as  forming  in  Dorsetshire  the  foundation  on 
which  the  freshwater  limestone  of  the  Lower  Purbeck  reposes  (see 
p.  297.).  It  supplies  the  well-known  building-stone  of  which  St,  Paul's 
and  so  many  of  the  principal  edifices  of  liondon  are  constructed.  This 
upper  member  rests  on  a  dense  bed  of  sand,  called  the  Portland  sand, 
containing  for  the  most  part  similar  marine  fossils,  below  which  is 
the  Ximmeridge  clay.  In  England  these  Upper  Oolit«  formations 
are  almost  wholly  confined  to  the  southern  counties.  Corals  are  rare 
in  them,  although  one  species  is  found  plentifiilly  at  Tisbury,  Wilt- 
shir^  in  the  Portlaud  sand,  converted  into  flint  and  chert,  the  origi- 
nal nlcareouH  matter  being  replaced  by  silex  (fig.  345.). 

7^  KimiMTidge  clay  consists,  in  great  part^  of  a  bituminous  shale, 
sometimes  forming  an  impure  coal,  aeveral  hundred  feet  in  thickness. 
Id  some  places  in  Wiltshire  it  much  resembles  peat ;  and  the  bltumi- 
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Dous  matter  may  have  been,  in  part  at  least,  dcriTcd  from  tl)Q  dacom- 
poeitioD  of  vegetables.  But  as  impressions  of  plants  are  raie  in  tbew 
shales,  'which  contain  ammonites,  oysters,  and  other  "'^""«  shelly  the 
bitumen  may  perhaps  be  of  animal  origin. 

Among  the  characteristic  fossils  may  be  mentioned  Cardaim  tfeia- 
ttilum  (fig.  349.)  and  Ostrea  deltoidea  (fig.  3.50.),  the  latter  found  in 
the  fiainmeridge  clay  throughout  England  and  the  north  of  Prance. 
and  also  in  Scotland,  near  Brora.     The  Gryphaa  virfftiia  (flg.  Sol), 
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also  met  with  in  the  same  clay  near  Oxford,  is  so  abundant  in  the 
Upper  Oolite  of  parts  of  France  as  to  have  cansed  the  deposit  to  be 
termed  "  mames  h  gryphfes  Tirgales."  Near  Clermont,  in  Ai^onne, 
a  few  leagues  from  St.  Menehoald,  where  these  indnrated  marlB  oaf 
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ont  &om  beneath  the  gatilt,  I  have  eeen  them,  on  decomposing,  leave 
the  enriace  of  every  ploughed  field  litenllj  strewed  over  with  this 
fossil  oyster.     The  Trigonellitet  laiut  {Aplyehta,  of  some  authors) 
(fig.  352.)  is  also  widely  dispersed  through  this 
clay.     The  real  nature  of  the  shell,  of  which  there 
are  foany  species  in  oolitic  rocki,  is  still  a  matter 
of  conjecture.     Some  are  of  opinion  that  the  tvro 
plates  formed  the  gizzard  of  a  cephalopod ;    for 
the  living  Kautilus  has  a  gizzard  with  homy  folds, 
and  the  Bulla  is  well  known  tp  possess  one  formed 
1^  calcareous  plates. 
Tbs  cdebraied  liUu^^phic  stone  of  Solenhofen,  in  Bavaria,  be- 
longs to  one  of  the  upper  divisions  of  the  oolite,  and  affords  a  re- 
markable example  of  the  variety  of  fossils  which  may  be  preserved 
uoder  favourable  circumstances,  and  what  delicate  impressioosof  the 
tender  parts  of  certain  animals  and  plants 
Fif.  tu.  Tsa.j  be  retained  where  the  sediment  is  of 

extreme  fineness.  Although  the  number  of 
testacea  in  this  slate  is  small,  and  the  plants 
few,  and  thoee  all  marine,  Count  Miinster 
had  determined  no  less  than  237  species  of 
fossils  when  I  saw  his  collection  in  1833 ; 
and  among  them  no  less  than  seven  tpecUi 
of  fiying  lizards,  or  pterodactyls  (see  fig. 
353.),  six  saurians,  three  tortoises,  mxty 
species  of  fish,  forty-six  of  Crustacea,  and 
twenty-six  of  insects.  These  insects, 
among  which  is  a  libellula,  or  dragon-fly, 
must  have  been  blown  out  to  sea,  probably 
from  the  same  land  to  which  the  flying 
lizards,  and  other  contemporaneous  rep- 
tiles, resorted. 


lODDLB  OOLITE. 

Coral  Sag^ — One  of  the  limestones  of  the  Middle  Oolite  has  been 
called  die  "  Cora]  Bag,"  because  it  consists,  in  par^  of  continuous 
beds  of  petrified  con^  for  the  most  part  retuning  the  position  in 
which  tl^^  grew  at  the  bottom  of  the  sea.  In  their  forma  they  more 
frequently  resemble  the  reef-building  poliparia  of  the  Pacific  ^an  do 
the  corals  cJ  any  other  member  of  the  Oolite.  They  belong  chiefly 
to  the  genera  Theeotmilia  (flg.  364.),  ProtourU,  and  Tkatnnastriea, 
and  sometimes  form  masses  of  coral  15  feet  thick-  In  the  annexed 
figure  of  a  TkamnMlrma  {&g.  355.),  from  this  formation,  it  will  be 
Been  that  the  cup-shaped  cavities  are  deepest  on  the  right-hand  side, 
and  that  they  grow  more  and  more  shallow,  until  those  on  the  left 
side  are  nearly  filled  up.  The  last-mentioned  stars  are  sapposed  to 
represent  a  perfected  condition,  and  the  others  an  immature  state. 
These  coralline  strata  extend  through  the  calcareous  hilla  of  the 
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Conl  Bai.  Stuple  Aihtiin.  Conl  Ktt,  SIHpla  Aihton. 

N,  W.  of  BerkBhire,  and  north  of  Wilta,  utd  agtun  recnr  in  Tork- 
ahire,  neu-  Scarboroogh.  The  Ottrea  gregarea  (fig.  356.)  is  very 
characteristic  of  the  formation  in  England  and  on  the  continent. 

One  of  the  limestonea  of  the  Jura,  referred  to  the  age  of  the  English 
coral-rag,  has  been  called  "Nerinean  limestone"  (Calcaire  iL  N£- 
rinses)  hj  M.  Thirria;  Nermaa  being  an  extinct  genua  of  nnivalTC 
ahellfi,  mach  reeembling  the  CeritAium  in  external  form.  The  an- 
nexed Bectiou  (fig.  357.)  Bhowe  the  curious  form  of  the  hollow  part 
of  each  whorl,  and  also  the  perforation  which  passes  up  the  middk 
of  the  columella.   N.  GoodhailiH&g.  358.)  is  another  English  species 


of  the  same  genus,  from  a  formation  which  s 
from  the  Kijnmeridgo  clay  to  the  coral  rag.* 

A  division  of  the  oolite  in  the  Alps,  regarded  by  most  geologists 
as  coeval  with  the  English  coral  rag,  has  been  often  named  "  Calcaire 
^  Dicerates,"  or  "  Diceraa  limestone,"  from  its  containing  abundantly 
a  bivalve  shell  (see  fig.  859.)  of  a  genua  allied  to  the  Chama. 

*  Fittofl,  a«oL  Tnuu.,  Second  Series,  toL  iv.  pL  Sa.  fig:.  IS. 
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(iifoTd  Clay. — The  conlline  limeetone,  or  "coral  rag,"  abore 
dmcribed,  and  the  accompan^g  sandy  beds,  called  "calcareous 
firitt,"  of  the  Middle  Oolite,  rest  on  a  thick  bed  of  da^,  called  the 
"  Oxford  clay,"  sometamee  not  less  than  fiOO  feet  thick.  In  this  there 
ire  no  corala,  bat  great  abundance  of  cephalopoda  of  the  genera 
AnuiMoite  and  Belemnite.  (See  figs.  361,  862.)    In  some  of  the  clay 


Brtimmiln  IttttlMiu.    Oiltardclv- 

of  very  fine  texture  ammonites  are  very  perfect,  although  aomeiwhat 
°»ipr««Bed,  and  are  seen  to  be  famished  on  each  side  of  the  aperture 
wilh  a  nngle  hom-like  projection  (see  flg.  362.).  These  were  dis- 
covered mQie  cuttings  <^theGreatWestemRulwaj,  near  Chtppen- 
^  in  1841,  and  have  been  described  by  Mr.  Pratt  {An.  NaL 
Bio.  Nov.  1841). 
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Simiju'  elongated  proceeses  hate  betn 
also  observed  to  extend  from  the  ibelliof 
some  belenmites  discoTsred  bf  Dr.  Uuldl 
in  the  SBme  cUy  (see  flg.  363.%  who,  bj  Ibe 
aid  of  this  and  other  specimens,  has  ben 
able  to  throw  much  light  on  the  ttnctme 
of  this  Bingnlar  extinct  form  of  cattle^' 


tOWBBOOUTE. 

Comhriuh  and  Forest  MarbU.  —  Re 
upper  diTision  of  this  series,  which  is  Bion 
extensive  than  the  preceding  or  Middle 
Oolite,  is  called  in  England  the  Combnsb. 
It  consists  of  cUjs  and  calcareous  sandsUm 
which  pass  downwards  into  the  Forest  ml^ 
ble,  on  argillaceoas  limestone,  abounding  io 
marine  fossils.  In  some  places,  as  at  Brad- 
ford, this  limestone  is  replaced  by  a  nus 
of  claj.  The  sandstones  of  the  Forest  Mu- 
ble  of  Wiltshire  are  often  ripple-marked  ud 
filled  with  fragments  of  broken  shells  ud 
pieces  of  drifl-wood,  baring  evidently  bea 
formed  on  a  coast.  Rippled  slabs  of  fisslb 
oolite  are  nsed  for  roofing,  and  have  beo 
traced  over  a  broad  band  of  country  fruni 
Bradford,  in  Wilts,  to  Tetbury,  ia  Gloucw 
tersbire.  These  calcareous  tile-stones  are 
separated  from  each  other  by  thin  seams  of 
clay,  which  have  been  deposited  upon  tbem, 
and  have  taken  their  form,  preserving  tbe 
undulating  ridges  and  furrows  of  the  sand 
in  such  complete  integrity,  that  tbe  impres' 
sions  of  small  footsteps,  apparently  of  craba, 
which  walked  over  iha  aoh  wet  sands,  aro 
still  visible.  In  the  same  stone  the  claws 
of  crabs,  fragments  of  echini,  and  other 
signs  of  a  neighbouring  beach,  are  ob- 
served, f 

Sm^  Great   Oolite.  —  Although  the  name  of 

Tior  of  II  coral-n^  has  been  appropriated,  as  we  have 
l^mll^  seen,  to  a  member  of  the  Upper  Oolite  be- 
c™potM  fore  described,  some  portions  of  the  Lowef 
Ihpi^  Oolite  are  equally  entitled  in  many  places 
""^H  *"  ^  called  coralline  limestones.  Tins  tbe 
™™i'      Great  Oolite  near  Bath  contains  various 
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conli,  among  wluch  the  Sunomia  radiata  (fig.  364.)  is  very  con- 
spicaoDs,  Bingle  individoals  forming  mosBee  seTer&l  fe«t  in  diameter; 
ind  haTing  probably  required,  like  the  large  extsting  braia-cor&l 
{Maaidrma)  of  the  tropics,  many  centuries  before  their  growth  was 
completed. 

Different  species  of  Crinoidtaiu,  or  atone-Ulies,  are  also  common 
is  the  same  rocks  with  corals ;  and,  like  them,  must  have  enjoyed  a 
firm  bottom,  where  their  root,  or  base  of  attachment,  remained  un- 
diiturbed  for  years  (c,  fig.  365.).     Such  fossils,  therefore,  are  almost 


i^onfined  to  the  limestones ;  but  an  exception  occurs  at  Bradford,  near 
Btth,  where  they  are  enveloped  in  clay.  In  tiiis  case,  however,  it 
sppews  that  the  solid  upper  surface  of  the  "  Great  Oolite  "  had  sup- 
ported,  for  a  time,  a  thick  submarine  forest  of  these  beautiful 
zoophytes,  until  the  clear  and  still  water  was  invaded  by  a  current 
charged  with  mud,  which  threw  down  the  stone-lilies,  and  broke 
moat  of  their  stems  short  off  near  the  point  of  attachment  The 
itompg  still  remain  in  their  original  position;  but  the  numerous 
vacillations,  once  composing  the  stem,  arms,  and  body  of  the 
swphyte,  were  scattered  at  random  through  the  argillaceous  deposit 
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in  which  mum  now  lie  proBtrate.  These  appearaneea  are  rapnaenled 
in  the  section  b,  flg.  S€5.,  where  the  darker  Btnta  r^neeent  the 
Bradford  c]a,y,  which  eome  geologista  cIms  with  the  Fore«t  nurtilc^ 
others  with  Ute  Great  Oolit«.  The  upper  snrface  of  the  calcareooi 
etoue  below  is  completely  incnuted  otot  with  a  continuous  pavemoil, 
formed  by  the  stony  roots  or  attachmenta  of  the  Crinoidea;  and 
besides  this  eridence  of  die  length  of  time  they  had  lired  on  the 
spot,  we  find  great  numbers  of  single  joints,  or  circnlar  plates  of  the 
stem  and  body  of  the  encrinite,  covered  over  with  terpula.  Now 
these  terpuke  could  only  have  begun  to  grow  after  the  death  of  Mrae 
of  the  Btone-lilies,  parts  of  whose  skeletons  had  been  strewed  onr 
the  floor  of  the  ocean  before  the  irruption  of  argillaceous  mud.  b 
some  iostanoes  we  find  that,  after  the  parasitic  Merpula  were  M 
grown,  they  had  become  incnuted  over  with  a  bryosoan,  eiUeJ 
Beremcea  dibtvia»a ;  and  many  generations  of  these  molluscs  hid 
succeeded  each  other  in  the  pure  water  before  tiiey  became  fosoL 


tta  mpiijK  ud  hryoviM.    HtBud  *> 


We  may,  therefore,  perceive  distinctly  that,  as  the  pines  and  cyca- 
deoDs  plants  of  the  ancient  "  dirt-bed,"  or  fossil  forest  of  the  Lover 
Purbeck  were  killed  by  sabmergence  under  iresh  water,  and  eooo 
buried  beneath  muddy  sediment,  so  an  invasion  of  argillaceoni 
matter  put  a  sadden  stop  to  the  growth  of  the  Bradford  Encrinitc^ 
and  led  to  their  preservation  in  marine  strata.* 

Such  difi'erences  in  the  foeuls  as  distinguish  the  calcweons  sod 
argillaceous  depouts  &om  each  other,  would  be  described  by  DStn- 
ralists  as  arising  out  of  a  difference  in  the  itatiotu  of  species ;  but 
besides  these,  diere  are  variations  in  the  fossils  of  the  higher,  middle, 
and  lower  part  of  the  oolitic  series,  which  must  be  ascribed  to  that 
great  law  of  change  in  organic  life  by  which  distinct  assemblages  of 
species  have  been  adapted,  at  successive  geological  periods,  to  the 
varying  conditions  of  the  habitable  surface.  In  a  single  district  it  is 
difficult  to  decide  how  far  the  limitation  of  species  to  certain  minor 

'  For  ■  fdller  icconnt  of  tbese  EncriDitea,  we  Backland'i  Bridgeirater  TrcUiK< 
ToL  i  p.  419. 
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fbnutioiia  has  been  doe  to  the  local  influence  of  ttationt,  or  Iwir  &r 
it  has  been  caused  b;  tinie  or  the  creative  and  destrojing  law  i^ore 
lUuded  to.  Bnt  we  ie«^;m2e  the  reality  of  the  last-mentioaed  iafln- 
ence,  when  we  contrast  the  whole  oolitio  serieB  of  England  with  that 
of  parts  of  the  Jura,  Alps,  and  other  distant  regiona,  where  there  i» 
Kwrcely  an;  lithological  resemblance ;  and  yet  some  of  the  Batne- 
foesUa  remain  peculiar  in  each  ooontry  to  the  Upper,  Middle,  and 
Lower  Oolite  fbrmatioaa  respectiTel;.  Ur.  Thurmann  has  shown 
how  remarkj^f  this  &ct  holda  true  in  the  Bernese  Jnra,  although 
the  argillaceous  diriaionB,  bo  conspicuona  in  England,  are  feeblj  re- 
presented tliere,  and  some  entirely  wanting. 

The  Brad&rd  clay  above  allnded  to  is  sometimes  60  feet  thick, 
bat,  in  many  places,  it  is  wuiting ;  and,  in  others,  where  tliere  are 
no  limestones,  it  cannot  easily  be  separated  from  the  clays  of  the 
oreriying  "  forest  marble"  and  underlying  "  fuller's  earth." 

Tlte  calcaieoos  portion  of  the  Great  Oolite  consista  of  several 
shelly  limestones,  one  of  which,  called  the  Bath  Oolite,  is  much  cele- 
brated as  a  bnilding-atone.  In  parts  of  Gloucestershire,  especially 
near  Hincbinhampton,  the  Great  Oolite,  says  Mr.  Lycett,  "  must  have 
been  deposited  in  a  shallow  sea,  where  strong  currents  prevailed,  for 
there  are  freqnent  changes  in  the  mineral  character  of  the  deposit, 
and  some  beds  exhibit  f^se  stratification.  In  others,  heaps  of  broken 
■hells  are  mingled  with  pebbles  of  rocks  foreign  to  the  neighbour- 
hood, and  with  fragments  of  abraded  madrepores,  dico^ledonous 
wood,  and  crabs'  claws.  The  shelly  strata,  also,  have  occasionally 
snfiered  denudation,  and  the  removed  pbrtiona  have  been  replaced  by 
day."  *     In  such  shallow-water  beds  sheUs  of  the  genera  Patella, 
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Nerita,  Rimuia,  uid  CylindriUi  are  common  (see  figs.  369.  to  372.); 
trliile  cephatopode  ore  rare,  and,  instead  of  ammonites  and  bekm- 
mteB,  numerons  genera  of  camiToroua  trachelipods  appear.  Oat  of 
one  hundred  aad  fort^-two  epecies  of  uniyalvee  obtained  from  tbe 
ItCnciunhampton  beds,  Ni.  Lycett  fonnd  no  less  than  for^Knte  lo 
be  camiToroDS.  They  belong  principally  to  the  genera  Bmeemmt, 
FUwrotoTM,  Rottellaria,  Mvrex,  Purpttrindea  (fig.  368.X  Mid  /Wmt, 
and  exhibit  a  proportion  of  zoophagons  species  not  very  difierent 
&om  that  wliich  obtains  in  warm  seas  of  the  recent  period.  lime 
chronological  results  are  curious  and  unexpected,  eince  it  ni 
imagined  that  we  might  look  in  vain  for  the  carnivorous  trachelipods 
in  rocks  of  such  high  antiquity  as  the  Great  Ooolite,  and  it  me  i 
received  doctrine  that  they  did  not  begin  to  appear  in  considerabla 
numbers  till  the  Eocene  period,  when  those  two  great  families  of 
cephalopoda,  the  ammonites  and  belemnites,  had  become  extinct 

StotutJUld  tlatt. — The  elate  of  Stoneafleld  has  been  shown  by 
Mr.  Lonsdale  to  lie  at  the  base  of  the  Great  Oolite.*    It  is  a  ^btly 
oolitic  shelly  limestone,  forming  large  spheroidal  masses  imbedded  in 
sand,  only  6  feet  thick,  but  very  rich  in  organic  remains.    It  con- 
tains some  pebbles  of  a  rock  very  aimilar  to  itself,  and  which  msy 
be  portions  of  the  deposit,  broken  up  on  a  shore  at  low  water  or 
during  etonns,  and  redeposited.     The  remains  of  belemnites,  iri- 
gonite,  and  other  marine  shells,  with  fragments  of  wood,  are  codudoo, 
and  impressions  of  ferns,  cycadess,  and  other  plants.    Several  imeels, 
Fit.  >n-    also,  and,  among  the  rest,  the  wing-covers  of  beellea,  ire 
perfectly  preserved  (see  fig.  373.),  some  of  them  approaeh- 
I  ing  nearly  to  the  genus  Bi^ettit.^    The  renuuns,  ilto,of 
many  genera  of  reptiles,  such  as  FUiotaur,  CroeodSe,  sad 
Pterodactyl,  have  been  discovered  in  the  same  limestona 
I       But  the  remarkable  fossils  for  which  the  BtoseafieU 
slate  is  most  celebrated  are  those  referred  to  the  mim- 
miferouB  class.     The  student  should  be  reminded  that  in 
all  the  rocks  described  in  the  preceding  chapters  as  older 
^^ff  than  the  Eocene,  no  bones  of  any  land  quadruped,  or  of 
sunnacM.  any  cetacean,  had  been  discovered  until  the  Spaioeoii*- 
rium  of  the  Furbeck  beds  came  to  light  in  1S54  (see  above,  p.  296.). 
Tet  we  have  seen  that  terrestrial  plants  were  not  rare  in  the  lower 
cretaceous  formation,  and  that  in  the  Wealden  there  was  evidence  of 
freshwater  sediment  on  a  large  scale,  containing  various  plants,  sod 
even  ancient  vegetable  soils.     We  had  also  in  the  same  Wnlden 
many  land-reptiles  and  winged  insects,  which  render  the  absence  of 
terrestrial  quadrupeds  the  more  striking.     The  want,  however,  of 
any  bones  of  whales,  seals,  dolphins,  and  other  aquatic  mammali*, 
whether  in  the  chalk  or  in  the  upper  or  middle  oolite,  is  certainly 
still  more  remarkable.     Formerly,  indeed,  a  bone  from  the  grest 
oolite  of  Enstone,  near  Woodstock,  in  Oxfordshire,  was  cited,  on  the 

*  Proce«dingiGeoLSoc.Tol.lp.414.    it  is  soggetted  Ibat  these  elytn  mar 
_  t  Sm  BncUand's  Bridgewater  Tna-    belong  to  Friomui. 
"Ml  and  Brodie's  Fossil  Insects,  where 
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uithoritj  of  CuTier,  as  referable  to  this  class.  Dr.  Bnckland,  who 
Et&ted  this  in  his  Bridgewater  Treatise*,  had  the  kindness  to  send 
me  the  supposed  ulna  of  a  whale,  that  Prof.  Oweu  might  examins 
into  its  daims  to  be  considered  as  cetacean.  It  is  the  opinion  of 
that  eminent  comparative  anatomist  that  it  caonot  have  belonged  h> 
the  cetacea,  because  the  fore-arm  in  these  marine  mammalia  is  in- 
Tsriably  much  flatter,  and  devoid  of  all  muscular  depressions  and 
ridges,  one  of  which  is  bo  prominent  in  the  middle  of  this  boiie> 
represented  in  the  annexed  cut  (fig.  374.).     In  s&urians,  on  the  con- 


BlM  of  1  Bgnllo.  fomali  iDprKHSI  latMlheulDioriCSUcaui  framlbsCrHl  OalJMor 
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trvj,  such  ridges  exist  for  the  attachment  of  muscles  ;  and  to  some 
uiimal  of  that  class  the  bone  is  probably  referable. 

Iliese  obserrationa  are  made  to  prepare  the  reader  to  appreciate 
nwre  juttlj  ihe  interest  felt  by  every  geologist  in  the  discovery  in 
the  Stouesfleld  slate  of  no  leas  than  seven  specimens  of  lower  jaws  of 
iKsmmiferona  quadrupeds,  belonging  to  three  different  species  and  to 
tvo  distinct  genera,  for  which  the  names  of  Amphith^wn  and  Pkat- 
aAotUrium  have  been  adopted.  When  Cuvier  was  first  shown  one 
of  these  fossils  in  1818,  he  pronounced  it  to  belong  to  a  small  ferine 
munmal,  with  a  jaw  much  resembling  that  of  an  opossum,  but  differ- 
ing from  all  known  ferine  genera,  in  the  great  number  of  the  molar 
teeth,  of  which  it  had  at  least  ten  in  a  row.  Since  that  period,  a 
much  more  perfect  specimen  of  the  same  fossil,  obtained  by  Dr. 
BacUand  (see  flg.  375.),  has  been  examined  by  Prof,  Owen,  who 
Snds  that  the  jaw  contained  on  the  whole  twelve  molar  teeth,  with 
the  socket  of  a  small  canine,  and  three  small  incisors,  which  are  in 
nbt,  sJtogether  amountiiig  to  sixteen  teeth  on  each  side  of  the  lower 
j»w. 

The  only  question  which  could  be  raised  respecting  the  nature  of 
these  fossils  was,  whether  they  belonged  to  a  mammifer,  a  reptile,  or 
■  fish.  Now  on  this  head  the  osteologist  observes  that  each  of  the 
Mveii  luJf  jaws  is  composed  of  but  one  single  piece,  and  not  of  two  or 
mme  separate  bones,  as  in  fishes  and  most  reptiles,  or  of  two  bones, 
oailed  by  a  sntur^  as  in  some  few  species  belonging  to  th(we  classes, 
*  Vol,  I  p.  115. 
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The  condjie,  moreover  (&,  fig.  375.),  or 
articul&r  surface,  hj  which  the  lower  jnr 
unites  with  the  upper,  is  convex  in  dw 
Stenesfield  apedmena,  and  not  conctve  u 
in  fiehea  and  reptiles.  The  conmoid  pro- 
cesB  (a,  fig.  375.)  is  well  developed,  iriuieu 
it  is  wanting  or  very  small,  in  the  inferior  classes  of  vertelnvta. 
laatij,  the  molar  teeth  is  Uie  AnpkitAeriMtm  and  FhtacoloAermM 
have  complicated  crowns  and  two  roots  (see  d,  fig.  375.),  instead 
of  being  simple  and  with  single  fangs.* 

The  onlj  question,  therefore^  which  could  fturlj  admit  of  contro- 
versy was  limited  to  this  point,  wliether  the  fossil  mammalia  found 
in  the  lower  oolite  of  Oxfordshire  ought  to  be  referred  to  the  mar- 
supial quadrupeds,  or  to  the  ordinary  placental  series.  Cnvier  had 
long  ago  pointed  out  a  peculiarity  in  the  form  of  the  angular  process 
{e,  figs.  880.  and  381.)  of  the  lower  jaw,  as  a  character  of  the  gcous 
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*  I  hare  ghen  a  figure  in  the  Prin-    Prtvattii,  in  irhich  the  locketi  and  raon 

ciplea  of  Geology,  chap.  U.,  of  another    of  the  teeth  an  finely  ezpcaed. 
Stoncefleld   Bpedmen   of   AnipAilherivm 
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Did^Aifi  I  uid  Pro£  Owen  hta  since  establiahed  its  generality  in  tbe 
entire  mirsnpi*!  series.  In  all  these  poached  quadrupeds,  this  pro- 
ceee  is  tamed  inwards,  u  at  e  c^  fig.  380.  in  the  Bruilian  oposnun, 
whereu  in  the  placental  series,  as  at  e,  figs.  378.  and  879.,  there  is  an 
■hnott  entire  absence  of  such  inflection.  The  Tiqtaia  Tana  of 
Sumatra  has  been  selected  b;  my  &iend  Mr.  Waterhoase  for  this 
iUnBtnti<Ki,  becaose  that  small  insectiTorouB  quadruped  bears  a  great 
resembtanoe  to  tboee  of  the  Stonesfidd  AmphUherium.  By  clearing 
away  the  matrix  &om  the  specimen  of  AmphUherium  Pmoitii  above 
represented  (flg.  875.)  Fn>£  Owen  ascertained  that  Qm  angular 
process  (c)  bent  inwards  in  a  slighter  degree  than  in  any  of  the 
knoim  marrapialla ;  in  short,  the  inflection  does  not  exceed  that  of 
the  mole  or  hedgelu^.  This  fact  turns  the  scale  in  &vour  of  ita 
afflaities  to  the  placental  inseoliTwa.  Nevertlieless,  the  AmphiAe- 
*mm  ofifars  Bcane  pointa  of  approximati(»  in  its  osteology  to  the 
mampials,  especially  to  the  Myrmteebuu,  a  small  insectivoroas 
quadruped  of  Australia  which  has  nine  molars  on  each  side  of  the 
ttnrer  jaw,  besides  a  canine  and  three  indsors.* 

Another  species  of  An^kUhtriMm  has  been  fonnd  at  Stonesfleld 
(fig.  376.  p.  312.),  which  differs  from  the  former  (flg.  375.)  princi- 
pally is  being  luger. 

The  second  mammiferous  genus  discovered  in  the  same  slates  was 
named  originally  by  Hr.  Broderip  Didelphyi  BueUamU  (see  flg.  882.^ 


and  has  nnce  been  called  JPiascolotkerium  by  Owen.  It  manifests  a 
mnch  stronger  likeness  to  the  marsupials  in  the  general  form  of  the 
jaw,  and  is  the  extent  and  position  of  its  inflected  angle,  while  the 
agreonent  with  the  living  genus  Didelphj/t  in  the  number  of  the 
premolar  and  molar  teeth  b  oomplete.t 

On  revtewisg,  therefore,  the  whole  of  the  osteological  evidence,  it 
win  be  seen  that  we  have  every  reason  to  presume  that  the  Ampht- 
HitriiM  and  Pha»eolat/imum  of  Btonesfield  represent  both  the  pla- 
Gottai  and  mannpial  claases  of  mammalia ;  and  if  so,  they  warn  us  in 
ft  moat  emphatic  manner,  not  to  found  rash  generalizatione  respecting 
dte  non-ezistenoe  of  certun  classes  of  wnimnln  at  particular  periods 
of  the  past  on  mere  negative  evidence.  The  singnlar  acddent  of 
our  having  as  yet  found  nothing  but  the  lower  jaws  of  seven  indi- 
vidnals,  and  no  other  bones  of  their  skeletons,  ia  alone  sufficient  t» 
demonstrate  the  fragmentary  manner  in  which  the  memorials  of  an 


,i^,Coo<^lc 


314  OOLITIC  GBODP  .  [C^  XX. 

ancient  tcrrestrul  fanns  are  handed  down  to  ns.     We  can  Bcaiwlj 

avoid  suspecting  diat  the  two  genera  above  described  may  faaie 

borne  a  like  inaignificant  proportion  to  tbe  entire  assemblage  of  wanii- 

.  blooded  quadrapeds  which  flourished  in  the  islands  of  the  oolitic  ae& 

Pro£  Owen  has  ramarked  that,  as  tbe  nursapial  genets,  to  wUch 

the  'I^Mteololherium  is  most  nearly  allied,  are  now  confined  to  New 

Soatb  Wales  and  Van  Diemen's  I^nd,  so  also  is  it  in  the  Australiao 

seas,  that  we  find  the  Cettraewn,  a  cartila- 

''  "*"  ginoos  fish  which  has  a  bony  palate,  allied  to 

those  called  Aerodut  (see  fig.  412.  p.  322.)  ud 

Stropkodut,  80  common  in  tlie  oolite  and  liaa 

In  the  same  Australian  seas,  also,  near  the 

I  shore,  we  find  the  living  TVigonia,  a  geniu 

of  molluBca  so  freqoendj  met  with  in  the 

Stonesfield  sUte.     So,  alsoy  the  Arancariao 

jnnes  are  now  abnndant,  together  with  fenu, 

Forttan  gf  m  hwii  (Writ  m  Fir-  ^  Anstralia  and  its  islands,  as  they  were  u 

'i^S7'Brid|^?T;«t.^"pi:  Europe  in  the  oolitic  period.    Endogensof  tbe 

^'uu,!''Sl^**"'  '^^^  ™*»*  perfect  Btmotnre  are  met  with  in  ooUtic 

rocks,   as,  fix  example,   the    Podocaiya  of 

BucUand,  a  frnit  allied  to  the   Pandatuu,  found  in  the  Inierior 

Oolite  (see  fig.  383.). 

The  Stonesfield  slate,  in  its  range  from  Oxfordshire  to  the  north- 
east, is  represented  hy  flaggy  and  flsaile  sandstones,  as  at  ColljwesloD 
in  Northamptonshire,  where,  according  to  the  researches  of  Me«n. 
Ibbeteon  and  Morris  *,  it  contains  many  shells,  such  as  Trigoma  ang*- 
iota,  also  found  at  Stonesfield.  But  the  Northamptonshire  strata  of 
this  age  assume  a  more  marine  character,  or  appear  at  least  to  have 
been  formed  farther  from  land.  They  inclose,  howOTOr,  some  foeul 
ferns,  such  as  Pecopteri*  poh/podioidet,  of  species  common  to  the 
ootitos  of  the  Yorkshire  coast,  where  rocks  of  this  age  pnt  <hi  all 
the  aspect  of  a  true  coal-field  ;  thin  seams  of  coal  having  actoally 
been  woi^ed  in  them  for  more  than  a  centnry. 

In  the  north-west  of  Torkshire,  the  formation  alluded  to  conaiBtsof 
an  upper  ud  a  lower  carbonaceous  shale,  abounding  in  impreBsiona 
of  plants,  divided  by  a  limestone  considered  by  many  geologists  as  the 
representative  of  tlie  Great  Oolite ;  but  the  scarcity  of  marine  fossils 
makes  all  comparisons  with  the  subdivisions  adopted  in  the  sonlfa 
extremely  difficult.  A  rich  harrest  of  fossil  ferns  has  been  obtained 
from  the  upper  carbonaceous  shales  and  sandstones  at  Gristhoipe, 
near  Scarborough  (see  figs.  384,  385.).  The  lower  shales  are  well 
exposed  in  the  sea-clifia  at  Whitby,  and  an  chiefly  characterised 
by  ferns  imd  cycadeie.  They  contun,  also,  a  species  of  calamite,  and 
a  fossil  called  EquUetam  columnare,  which  "'ft''>tB'nft  an  upright 
position  in  sandstone  strata  over  a  wide  area.    Shells  of  Ettkeria 
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AND  ITS   FOBSIIA 


-, jbY,  Ooepp. 

ajD.  FUiiopifT/i  cau^ma,  UbA  A  Hutl- 
Uppcr  cwbDuetoui  ttnti,  Lonr  OoUu,  OrlUhorpe,  Yotkihlrr. 

xad  Unto,  collected  by  Mr.  Bean  from  these  Yorkshire  coBl-beftring 
l*^  point  to  the  estuary  or  fluviatile  origin  of  the  depoait. 

At  Brora,  in  Sutherlandshire,  a  coftl  formation,  probably  coeval 
^th  the  above,  or  belonging  to  some  of  the  lower  divieione  of  the 
Oolitic  period,  has  been  mined  extensively  for  a  centniy  or  more. 
It  tfibrds  the  thickest  stratnm  of  pure  vegetable  matter  hitherto 
detected  in  any  secondary  rock  in  England.  One  seam  of  coal  of 
good  quality  has  been  worked  3^  feet  thick,  and  there  are  several 
^  more  of  pyritous  coal  resting  upon  it. 

FuOer't  Earth  (A.  Tab.  p.  292.). —Between 

the  Great  and  Inferior  Oolite^  near  Bath,  an 

^k  argillaceous  deposit,  called  "  the  fuller's  earth," 

^^^^1^        occurs  i  but  it  is  wanting  in  the  north  of  Eng- 

^S^Sm        land.   It  abounds  in  the  small  oyster  represented 

^**^  in  fig.  386. 

"TJutT-T^Sf'  Inferior  Oolite.  —  This  formation  consists  of 

a  calcareous  freestone,  usually  of  small  thick- 

Dcss,  which  sometimes  rests  upon,  or  is  replaced  by,  yellow  sands, 

Mlkd  the  sands  of  the  Inferior  Oolito.     These  last,  in  their  turn, 

npose  upon  the  lias  in  the  south  and  west  of  England.     Among  the 

chirscteristic  shells  of  the  Inferior  Oolite^  I  may  instance  Terebra- 

'''ia  fimbria  (fig.  387.),  Rhr/nchonella  tpitiOta  (flg.  388.),  and  I^ohi- 

^onyafidieula  (fig.  389.).     The  extinct  genus  Pletirotomaria  is  also  a 

lorm  very  common  in  this  division  as  well  as  in  tho  Oolitic  system 
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generkUy.  It  resembles  the  Troehtu  id  form,  but  ia  nurked  by  ft  deep 
deft  (a,  fig.  390.  and  fig.  391.)  on  the  right  ude  of  the  month.  The 
Djfaatter  ringent  (fig.  892.)  is  an  Echinodenn  common  to  the  inferic 
Oolite  of  EngUnd  and  France,  as  are  the  three  Ammonites  of  whidi 
representations  are  here  given  (figs.  393, 894,  895.). 


Ab  illoBtrations  of  sheUa  having  a  great  vertical  range,  I  may 
allude  to  Trigonia  claveUata,  found  in  the  Upper  and  Inferior  OoUl^ 
and  T.  cottata,  common  to  the  Upper,  Middle,  and  Lower  Oolite; 
also  Ottrea  Marihii  (fig.  396.),  common  to  the  Comhrasb  of  Wilts 
and  the  Inferior  Oolite  of  YorkBhire;  and  Ammomta  gtrialih* 
(dg.  397.)  common  to  the  Inferior  Oolite  and  Lias. 
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Inhrkir  OolIU  nd  Liu. 

Sucb  facta  b;  no  meuu  invalidftta  the  general  rale,  that  certain 
faaaii  ne  good  chronolo^cal  testa  of  geological  periods  ;  bat  tbej 
nrre  to  cantion  vs  against  attaching  too  much  importanoe  to  single 
species,  some  of  which  may  have  a  wider,  others  a  more  confined 
vertical  range.  We  have  before  seen  that,  in  the  anccessive  tertiary 
fermationB  there  are  species  common  to  older  and  newer  groups,  jet 
these  gronps  are  distinguishable  from  one  another  bj  a  comparison 
of  the  irlude  assemblage  of  fossil  shells  proper  to  each. 
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CHAPTER  XXL 

JUBASSIC  QROUF  —  continued.     Lua. 

UinarBl  chflracter  of  Lias — Hune  of  Gryphite  limeEtone — Fossil  ahellg  and  M— 
HndiaU — IchthyodoniliHa  —  Beptilei  of  the  liaa^-Ichthjoaaur  and  Rtauutr 
—  Hirioe  Beptile  of  the  Oall^iagOi  Iitandi — Sadden  deitnictirai  and  bnrni  rf 
foHil  animali  in  Lias — FlaTio-marine  beds  in  Glonceiuretdre,  and  insect  lime- 
Kong — Foasil  plants — Origin  of  the  Oolite  and  Liat,  and  of  alCeniBCiiig  eil' 
cnreoos  and  argillaceoas  formatioii* — Oolitic  coal-field  of  Virginia,  in  (he 
United  States. 

Lzjs. — The  English  provincial  name  of  Lias  has  been  very  generaUj 
adopted  for  a  formatdon  of  argillaceouB  limestone,  marl,  and  clay, 
which  forms  the  base  of  the  Oolite,  and  is  classed  hj  manj  geolofpsa 
as  part  of  that  group.  They  pass,  indeed,  into  each  other  in  some 
places,  as  near  Bath,  a  sandj  mart  called  fhe  msrlstone  of  the  Liag 
being  interposed,  and  partaking  of  the  mineral  characters  of  the 
Has  and  the  inferior  oolite.  These  last-mentioned  divisions  have 
also  some  fossils  in  common,  such  as  the  Arieula  inaqvivaivit 
(fig.  396.).     Nevertheless  the  Lias  may  be  traced  thronghont  a  great 


part  of  Europe  as  a  separate  and  independent  group,  of  considerable 
thickness,  varying  trom  500  to  1000  feet;  containing  many  pecnliar 
fossils,  and  having  a  very  uniform  lithological  aspect  Althoogb 
usually  conformable  to  the  oolite,  it  is  sometimes,  as  in  the  Jnra, 
unconformable.  In  the  environs  of  Lons-le-Saulnier,  for  instance, 
in  the  department  of  Jura,  the  strata  of  lias  are  inclined  at  an  angle 
of  shout  45°,  while  the  incumbent  oolitic  marls  are  horiiontal. 

The  pecnliar  aspect  which  is  most  characteristic  of  the  Lias 
in  England,  France,  and  Germany  is  an  alternation  of  thin  beds  of 
blue  or  grey  limestone  having  a  surface  which  becomes  light-brown 
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when  wefttbered,  these  beda  being  separated  hj  dark-colonred  nuroir 
argilkceons  partings,  so  that  the  qaarriee  of  this  rock,  at  a  dietuice^ 
UBnme  ft  striped  and  riband-like  appearance.* 

The  Lias  comprisee,  1.  the  Upper  Liae — thin  limestone  beds  with 
clay  and  ebale  ;  2.  the  Marlstone — a  coarse  shelly  limestone  ;  and  3. 
the  Lower  Lias — consisting  of  limestone,  shells,  and  clay.  These 
diTisioni  have  certain  fossils  in  common,  and  in  some  places  pass 
the  one  into  the  other. 

Although  the  prevailing  colour  of  the  limestone  of  this  formation 
is  blue,  yet  some  beds  of  the  lower  lias  are  of  a  yellowish  white 
cokior,  and  have  been  called  white  lias.  In  some  parts  of  France, 
near  the  Yosges  tnonntains,  and  in  Luxembonrg,  M.  E.  de  Beaomont 
has  shown  that  the  lias  containing  Gn/phtea  arcuata,  Flagioitarna 
giganUum  (see  flg.  400.),  and  other  characteristic  fossils  becomes 
arenaceous  ;  and  around  the  Hartz,  in  Westphalia  and  Bavaria,  the 
inferior  parte  of  the  lias  are  sandy,  and  somedmes  afford  a  building- 
Blooe. 

The  name  of  Gryphite  limestone  has  sometimes  been  applied  to 
the  lias,  in  consequence  of  the  great  number  of  shells  which  it  con- 
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lains  of  a  species  of  oyster,  or  Gryphaa  (fig.  401.,  see  also  flg.  30. 
p.  29.).  A  large  heavy  shell  called  Bippopodivm  (fig.  402.),  allied 
to  Itoeardia,  is  also  characteristic  of  the  lower  lias  shal^.  The 
lias  formation  is  also  remarkable  for  being  the  oldest  of  the  second- 
uy  rocks  in  which  brachiopoda  of  the  genera  Spirifer  and  Leptana 
(figs.  403,  404.)  occur :  no  leas  than  nine  species  of  Spirifers  are 
enumerated  by  Mr.  Davidson  as  belonging  to  the  lias.  These  pallio- 
brucbiate  moUuscapredominategreatly  in  strata  older  than  the  trias; 
but,  so  far  as  we  yet  know,  they  did  not  survive  the  liassic  epoch. 
The  marine  beds  of  the  lias  also  abound  in  cephalopoda  of  the  genera 
BtkmniUs,  Nautilui,  and  AinmoniUi  (see  flgs.  405,  406,  407.). 
Among  tJie   Crinoids  or  Stone-lilies  of  the  Lias,    Pentaeriam 

•  Conjb.  sad  PhiL,  p.a61, 
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A.  Walata.  Sow. 
VvftT  Liu  tbals. 


Briareiu  (fig.  408.)  is  conspicuons.  Of  Ophioderma  EgerUmi  (fig. 
409.),  referable  to  the  Ophittra  of  Miiller,  perfect  Bpecimeiu  hive 
been  met  witb  in  the  m&rlstone  beds  of  Dorset  nnd  Yorkshire. 
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Tlie  Extraeritnu  Briareu*  (remOTed  by  Mi^or  Austin  from  Pen- 
laermiu  on  account  of  generic  differences)  occnrs  in  tangled  masses, 
fonning  thin  beds  of  considerable  extent,  in  the  liaa  of  Dorset^  - 
Gloncestershire,  and  Torkshire.  The  remuns  Bie  often  highly 
chs^ed  with  pjTites.  This  Crinoid,  with  its  innumerable  tenta- 
colir  anns,  appears  to  have  been  freqnentlj  attached  to  the  drift- 
wood of  the  liassic  sea,  in  the  same  manner  as  Barnacles  float 
■boat  St  the  present  day.  There  is  another  species  of  Extraerintu 
Md  several  of  FtTttacrtnut  in  the  lias ;  and  the  latter  genus  is 
found  io  nearly  all  the  formatioDS  from  the  lias  to  the  London 
day  inclusiTe.  It  is  represented  in  the  present  seas  by  the 
delicate  and  rare  FhUacrinus  Capwt-medwa  of  the  AntUIee;  and 
Itiia  indeed  is  perh^M  the  only  Burviving  member  of  the  great  and 
•ncient  family  of  the  Crinoids,  so  widely  represented  throughout 
•He  older  formations  by  the  genera  Taxocrimu,  Aetinoerinui, 
'^athoeraitu,  Encrinut,  Apioerifuu,  and  many  others. 

,  nt.411).  ThefossQfishre. 

semble  generically 
those  of  the  oolite, 
belonging  all,  ac- 
cording to  M.Agas- 
sia,  to  extinct  ge- 
nera, and  differ- 
ing for  the  most 
pu^  f^m  the  ich- 
tai^otLtpuotaitttai.  A|u.  thyolites     of     the 

<.  TwgiifUHiaittdUKtatd.  Cretaceous  period. 
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AmoDg  them  is  ft  species  of  Lepidotiu  {L.  gigoM,  Agas.),  fig.  410l, 
which  is  found  in  the  lias  of  England,  Friince,  And  Germuij.*  This 
genus  was  before  mentioned  (p.  263.)  u  occurring  in  the  WNldm, 
and  is  supposed  to  have  frequented  both  rivers  and  coasts.  Another 
genus  of  Ganoids  (or  fish  with  hard,  shining,  and  enamelled  scales), 
called  JSehvtodut  (see  fig.  411.),  is  almost  eiclusivelj  laasuc.  The 
teeth  of  ft  apeciea  of  Acrodtu,  also,  are  verj  abundant  in  the  lias 
(ilg.412.). 


LUi,  Ljrmg  BlfU  ind  Gcmuir. 


Bot  the  remains  of  fish  which  have  excited  more  attention  ihsu 
Bnj  others  are  those  large  bony  spines  called  iehlhyodomlita 
{a,  fig.  413.),  which  were  once  supposed  hj  some  naturalists  to  be 


u.  Atu.    LlM.  L)>iH  Refii. 


jaws,  and  by  others,  weapons  resembling  those  of  the  living  BaJuttf 
and  Silurui ;  but  which  M,  Agassiz  has  shown  to  be  neither  the  one 
nor  the  other.  The  spines,  in  the  genera  last  mentioned,  articulate 
with  the  baclibone,  whereas  there  are  no  signs  of  anj  such  articu- 
lation in  the  ichthyodorulites.     These  last  appear  to  have  been  honj 


*  Agaaiii,  Poil.  Foi,  vol  ii.  t^.  18,  IB. 
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spines  which  formed  the  sjiterior  part  of  the  dorsal  fio,  like  that  of 
the  liring  genera  Cettraeion  and    Chinuera  (we  a,  fig.  414.).    In 


Mh  of  these  genera,  the  posterior  concave  face  is  armed  with  small 
ipioei,  as  in  that  of  the  fossil  Hybodut  (fig.  413.),  one  of  the  shark 
fwnily  found  fossil  at  Lyme  Begia.  Such  spines  are  simply  im- 
bedded in  the  flesh,  and  attached  \o  strong  muscles.  "  They  serre," 
uys  Dr.  Bucklond,  "as  in  the  Chinuera  (fig.  414.),  to  raise  and  de- 
press the  fin,  their  action  reeembling  that  of  a  moveable  maat, 
nismg  and  lowering  backwards  the  sail  of  a  barge."  f 

Reptiiet  of  the  Lias. — It  is  not,  however,  the  fossil  fish  which 
lona  the  most  striking  feature  in  the  organic  remains  of  the  Lias ; 
but  the  reptiles,  which  are  extraordinary  for  their  number,  size,  and 
etrnctare.  Among  the  most  singular  of  these  are  several  species  of 
lektAyoiaurut  aod  Ptesiotaunu  (figs.  415,  416.)-  The  genus  Ich- 
ikj/otaurus,  or  fish-lizard,  is  not  confined  to  this  formation,  but  has 
been  found  in  strata  as  high  as  the  lower  chalk  of  England,  and  as 
W  u  the  trias  of  Germany,  a  formation  which  immediately  succeeds 
the  liaa  in  the  descending  order4  It  is  evident  from  their  fish-like 
Tertebn^  their  paddles,  resembling  those  of  a  porpoise  or  whale,  the 
length  of  their  tail,  and  other  parts  of  their  structure,  that  the  habits 
of  the  Ichthyoeaurs  were  aquatic.  Their  jaws  and  teeth  show  that 
tbey  were  carnivorous  ;  and  the  half-digested  remains  of  fishes  and 
reptiles,  found  within  their  skeletons,  indicate  the  precise  nature 
of  their  food.§ 

A  specimen  of  the  hinder  fin  or  paddle  of  lekthyotaurus  communxt 
iras  discovered  in  1840  at  Barrow-on-Soar,  by  Sir  P.  Egerton,  which 
diatinctly  exhibits  on  its  posterior  margin  the  remains  of  cartila- 
giaoQs  rays  that  bifurcate  as  they  approach  the  edge,  like  those  in 
the  fin  of  a  fish.  (Seea,  fig.  417.)  It  hod  previously  been  supposed, 
Uys  Prof.  Owen,  that  the  locomotive  organs  of  the  Ichthyosaurus 
vere  enveloped,  while  living,  in  a  smooth  integument,  like  that  of 
the  turtle  and  porpoise,  which  has  no  other  support  than  is  afibrded 
by  the  bones  and  ligaments  within ;  but  it  now  appears  that  the  fin 
was  much  larger,  expanding  far  beyond  its  osseous  framework,  and 

*  AguGii,  FoUnni  FonOai,  vid.  iii        t  Ibid.  p.  168. 
«*.C  fig.l.  %  Ibid. p.  187. 

t  BridgeirUer  Trealue,  p.  S9a 
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deviating  widely  in  ite  fiah-like  njt  from  the  ordinary  reptilian  tjpe- 
In  fig.  417.  the  posterior  bones,  or  digital  ouicles  of  the  paddle,  tn 
seen  near  ( ;  and  beyond  these  is  the  dark  carbonized  int^n""™* 
of  the  terminal  half  of  tiie  fin,  the  oatline  of  which  is  beaatifuUf 
defined.*  'Prot.  Owen  believes  tliat,  besides  the  fore-paddles,  these 
short-  and  stiff-necked  sanrians  were  fnraished  with  a  tul-fln  Reb- 
oot radiating  bones,  and  purely  tegumectary,  expanding  in  a  verticsl 
direction ;  an  organ  of  motion  which  enabled  them  to  torn  thw 
heads  rapidly.f 

Mr.  Conybesre  was  enabled,  in  1824,  ailer  examining  many  skele* 

*  OeoL  Soc.  'nviiMrct.  Seccnd  8«i1bi,        f  OeoL  Soc  Tma.  Sscmid  ttnO, 
toLtL  p.  199.  pL  XX.  TCLT.P.SII. 
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tons  neu-lj  perfect,  to  give  an  ideal  restoration  of  the  oateologj  of 
tbi«  genus,  and  of  that  of  the  JPUtiotattnu*  (See  figs.  4IS,  416.) 
The  latter  ^niTrml  had  an  extremely  long  neck  and  raoall  head,  with 
teeth  like  thoee  of  the  crocodile,  and  paddlea  anali^ons  to  those  of 
the  lehtht/oiaunu,  but  larger.  It  is  supposed  to  have  lived  in 
BhaUov  eeas  and  estuaries,  and  to  have  breathed  air  like  the  Ichfbyo- 
Moi  and  our  modem  cetacea.j'  Some  of  the  reptiles  above  men- 
tiooed  were  of  formidable  dimenuons.  One  specimen  of  Ickthyo- 
MNnu  platyodon,  from  the  lias  at  Lyme,  now  in  the  British  Mu- 
Kom,  most  have  belonged  to  an  animal  more  than  24  feet  in 
length ;  and  another  of  the  FleiioMaurvt,  in  the  same  collection,  is 
11  feet  long.  The  form  of  the  lehtkyotaunu  may  have  fitted  it 
to  cnt  through  the  wares  like  the  porpoise  ;  but  it  is  supposed  that 
'be  FUnotaurwt,  at  least  the  long-necked  spedes  (fig.  416.),  was 
better  suited  to  fish  in  shallow  creeks  and  bays  defended  &om  heavy 
bnakera. 

Id  many  specimens  both  of  Ichthyosanr  and  Plesiosaur  the  bones  of 
the  head,  neck,  and  tul  are  in  their  natural  position,  while  those 
of  the  rest  of  the  skeleton  are  detached  and  in  confusion.  Mr.  Stntch- 
borg  has  suggested  that  their  bodies  after  death  became  infiated  with 
gBse^  and,  while  the  abdominal  viscera  were  decomposing,  the  bones, 
thongh  disunited,  were  rettuned  within  the  tough  dermal  covering 
IS  in  a  bag,  until  the  whole,  becoming  water-logged,  sank  to  the 
bottcHD.}  As  they  belonged  to  individuals  of  all  ages  they  are  sup- 
posed, by  Dr.  Buckland,  to  have  experienced  a  violent  death ;  and 
tbe  same  conclusion  might  also  be  drawn  &om  their  having  escaped 
the  attacks  of  their  own  predacious  race,  or  of  fishes,  found  fosnl  in 
the  same  beds. 

For  the  last  twenty  years,  anatomists  have  agreed  that  these  ex- 
tbct  aaurians  most  have  inhabi(«d  the  sea  ;  and  it  was  urged  that, 
»a  there  are  now  chelonians,  like  the  tortoise  living  in  fresh  water, 
ud  others,  as  the  turtle,  frequenting  the  ocean,  so  there  may  have 

'  OeoL  Tnuil.,  Second  S«riM,  toL  L  Ttuu.  1M  Ser.  toL  t.  p.  S59.  i  and 
pl  49.  Backland,  Bridgew.  Treat,  p.  903. 

t  Conjbesre  and  De  la  Beche.  GeoL        {  Qnort.  G«oL  Jonm.  nd.  ii.  p.  41 1. 
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been  former^  aome  saariana  proper  to  atit,  others  to  freali  v&ter. 
The  common  crocodile  of  the  Ganges  is  well  known  to  frequent 
equally  that  river  and  the  brackish  and  salt  water  near  its  moulb; 
and  crocodiles  are  said  in  like  manner  to  be  abundant  both  in  tbe 
riTere  of  the  Isla  de  Hnoa  (or  Isle  of  Fines),  south  of  Cuba,  and  in 
the  open  sea  round  the  coast.  More  recently  a  saurian  has  been  di)- 
covered  of  aquatic  habits  and  exclusively  marine.  This  creature  ina 
found  in  the  Galapagos  lalanda,  during  the  visit  of  H.  M.  S.  Beigle 
to  that  archipelago,  in  1835,  and  its  habits  were  then  observed  bj 
Mr.  Darwin.  The  islands  alladed  to  are  situated  under  the  equator, 
nearly  600  miles  to  the  westward  of  the  coast  of  South  Amerits. 
They  are  volcanic ;  some  of  tbem  being  3000  or  4000  feet  higl ; 
and  one  of  them,  Albemarle  Island,  75  miles  long.  The  climate  i> 
mild ;  very  little  rtun  falls ;  and,  in  the  whole  archipelago,  there 
is  only  one  rill  of  fresh  water  that  reaches  the  coast.  The  soil  ia  (or 
the  most  part  dry  and  harsh,  and  the  v^etation  scanty.  The  birds, 
reptiles,  plants,  and  insects  are,  with  very  few  exceptions,  of  speeiei 
found  no  where  else  in  the  world,  although  all  partake,  in  Ibdr 
general  form,  of  a  South  American  type.  Of  the  mammalia  siya 
Mr.  Darwin,  one  species  alone  appears  to  be  indigenous,  namely,  a 
large  and  peculiar  kind  of  monse ;  but  the  number  of  lisards,  tor- 
toises, and  snakes  is  so  great,  that  it  may  be  called  a  land  of  reptiles. 
The  variety,  indeed,  of  species  is  smoU ;  but  the  individuals  of  eadi 
are  in  wonderful  abundance.  There  is  a  turtle,  a  large  tortoiss 
(  Taludo  Indicus),  four  lixards,  and  about  the  same  number  of  snakes, 
bat  no  frogs  or  toads.  Two  of  the  lizards  belong  to  the  iamilj 
Iffuanidts  of  Bell,  and  to  a  peculiar  genus  {AinblifrhyHehut)  esti- 
bUshed  by  that  naturalist,  and  so  named  from  their  obtusely  trun- 
cated bead  and  short  snout.*  Of  these  lizards  one  is  terrestrial  in 
its  habits,  and  burrows  in  the  ground,  swarming  everywhere  on  the 
land,  having  a  round  tail,  and  a  mouth  somewhat  resembling  in  form 
that  of  the  tortoise.  The  other  is  aquatic,  and  has  its  tail  flattensd 
laterally  for  swimming  (see  fig.  418.)  "This  marine  saurian,"  eiys 
Mr.  Dsiiwin,  "is  extremely  common  on  all  the  islands  tbronghout 
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tbe  BTchipebga  It  lives  exclusively  on  the  rockj  seA-beachea,  And 
I  never  saw  one  even  ten  yards  inshore.  The  usual  leng;th  ig  about 
a  yard,  but  there  are  some  even  4  feet  long.  It  is  of  a  dirty  black 
odoDT,  slu^iish  in  its  movements  on  the  land ;  but,  when  in  the 
water,  it  swims  with  perfbct  ease  and  quickness  by  a  serpentine 
movement  of  its  body  and  flattened  tail,  the  legs  daring  this  time 
being  motionless,  and  closely  collapsed  on  its  sides.  Their  limbs  and 
ttrong  claws  are  admirably  adapted  for  crawling  over  the  rugged  and 
fissured  TTisgiies  of  lava  which  everywhere  form  tbe  coast  In  soch 
dtnatitms,  a  group  of  six  or  seven  of  these  hideous  reptiles  may 
o(ientimee  be  seen  on  the  black  rocka,  a  few  feet  above  the  surf, 
t^jUng  in  the  sun  with  oaistretched  legs.  Their  stomachs,  on  being 
opened,  were  found  to  be  largely  distended  with  minced  sea-weed,  of 
a  kind  which  grows  at  the  bottom  of  tbe  sea  at  some  little  distance 
from  tiie  coast  To  obtain  this,  the  tuEards  go  out  to  sea  in  shoals. 
One  of  theee  animals  was  snnk  in  salt  water,  from  the  ship,  with 
a  heavy  weight  attached  to  it,  and  on  being  drawn  up  agiun  after 
in  honr  it  was  qnite  active  and  unharmed.  It  is  not  yet  known  by 
tbe  inhabitanla  where  this  animal  lays  its  eggs ;  a  ungular  fact^ 
considering  its  abundance,  and  that  the  natives  are  well  acquainted 
with  the  egga  of  the  terrestrial  AmblyrkyTiehiu,  which  is  also  herbi* 
vorous."* 

In  those  depoeits  now  forming  by  the  sediment  washed  away  &om 
the  wasting  shores  of  the  Galapagos  Islands  the  remains  of  eaurians, 
both  of  ttte  land  and  sea,  as  well  as  of  chelonians  and  fish,  may  be 
mingled  with  marine  shells,  without  any  bones  of  land  quadrupeds  or 
batrachian  reptiles  ;  yet  even  here  we  should  expect  the  remains  of 
marine  mammalia  to  be  imbedded  in  the  new  strata,  for  there  are 
seals,  besides  several  kinds  of  cetacea,  on  tbe  Galapagian  shores ;  and, 
in  this  respect,  tbe  parallel  between  the  modem  fauna,  above  described, 
and  the  ancient  one  of  the  lias  would  not  hold  good. 

Stdden  datntetion  t^  tatiriant.  —  It  lias  been  remarked,  and 
truly,  that  many  of  the  fish  and  saurians,  found  fossil  in  the  lias, 
most  have  met  with  sudden  death  and  immediate  burial ;  aod  that  the 
destructive  operation,  whatever  may  have  been  its  nature,  was  often 
repeated. 

"  SometSmes,"  says  Dr.  Bnckland,  "  scarcely  a  single  bone  or  scale 
has  been  removed  &om  the  place  it  occupied  during  life ;  which  could 
not  Iiave  happened  had  the  uncovered  bodies  of  these  saurians  been 
left,  even  for  s  few  hours,  exposed  to  putrefaction,  and  to  the  attacks 
of  fishet^  and  other  smaller  animals  at  the  bottom  of  the  sea."!  Not 
only  are  tbe  skeletons  of  tbe  Ichthyosaura  entire,  but  sometimeB  the 
contents  of  their  stomachs  still  remain  between  their  ribs,  as  before 
remarked,  so  that  we  can  discover  tbe  particular  species  of  fish  on 
which  they  lived,  and  the  form  of  their  excrements.  Not  unfre- 
quently  there  are  layers  of  these  coprolites,  at  different  depths  in  the 
ita,  at  a  distance  frcaa  any  entire  skeletons  of  tiie  marine  Ibcards 
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&oin  vrhicli  they  were  derived ;  "  as  if^"  tsje  Sir  H.  de  U  Bedie, 
"  the  muddy  bottom  of  the  sea  received  small  eudden  aoceaaiau  of 
matter  from  time  to  time,  coTering  up  tbe  coprolilee  and  other  ex- 
uvie  which  had  accnmtilated  during  the  intervals."*  It  is  fartber 
stated  that,  at  Lyme  Regis,  those  surfkcee  only  of  the  cc^irolilea 
which  lay  uppermost  at  the  bottom  of  the  aea  have  suffered  partial 
decay,  from  the  action  of  water  before  they  were  covered  and  pro- 
tected by  the  muddy  sediment  that  has  afterwards  permanenti; 
enveloped  them,  f 

Numerous  specimens  of  the  Calamary  or  pen-and-ink  fiah  (Ga»- 
teuthis  BoUetuit,  Schuble  sp.)  have  also  been  met  wil^  in  the  liaa 
at  Lyme,  with  the  ink-bags  still  distended,  cootaining  the  ink  in 
a  dried  state,  chiefly  composed  of  cartxm,  and  but  slightly  impreg- 
nated with  carbonate  of  lime.  These  cephalopoda  therefora,  matt, 
like  the  Baurians,  have  been  soon  buried  is  sediment;  tor,  if  hag 
exposed  after  death,  the  membrane  containing  the  ink  would  hare 
decayed.  { 

As  we  know  that  river-fish  are  sometimes  stifled,  even  in  their 
own  element^  by  muddy  water  darisg  floods,  it  cannot  be  doubted 
that  the  periodical  discharge  of  large  bodies  of  turbid  freeh  water  into 
the  sea  may  be  still  more  fatal  to  marine  tribes.  Lt  tJie  "PrinciplH 
of  Geology"  I  have  shown  that  large  quantities  of  mud  and  drowned 
animals  have  been  swept  down  into  the  sea  by  rivers  during  earth- 
qnakes,  as  in  Java,  in  1699;  and  that  undescribabte  multitudes  irf 
dead  fishes  have  been  seen  floating  on  the  sea  after  a  discharge  of 
noxious  vapours  during  similar  convulsions.  §  But,  in  the  intervals 
between  such  catastrophes,  strata  may  have  accumulated  slowly  in 
the  eea  of  the  lias,  some  being  formed  chiefly  of  one  deecriptioD  of 
shell,  such  as  anmiomtes,  ethers  of  gryphites. 

From  the  above  remarks  the  reader  will  infer  that  the  lias  is  fat 
the  most  part  a  marine  deposit  Some  members,  however,  of  the 
series,  especially  in  the  lowest  part  of  it,  have  an  estuary  character, 
and  must  have  been  formed  within  the  influence  of  rivers.  In  Gkni- 
cestershire,  where  there  is  a,  good  type  of  the  lias  of  the  West  of 
England,  it  has  been  divided  into  an  upper  mass  of  shale  with  a  base 
of  marlstone,  and  a  lower  series  of  shales  with  underlying  limeatooes 
and  shales.  We  learn  from  the  researches  of  the  Bev.  P.  B.  Brodie  ^ 
that  in  the  superior  of  these  two  divisions  numerous  remuns  of  in- 
sects and  plants  have  been  detected  in  several  places,  mingled  with 
marine  shells ;  but  in  the  inferior  division  similar  fossHs  are  atill 
more  plentiful.  One  band,  rarely  exceeding  a  foot  in  thickoeasi,  has 
been  named  the  "  insect  limestone."  It  passee  upwards  into  «  shale 
containing  Ci/prit  and  Estheria,  and  is  charged  with  the  winf^-caaes 
of  several  genera  of  coIeopte^^  and  with  some  nearly  entire  beetles,  of 
which  the  eyes  are  preserved.    The  nervores  of  the  wings  of  neurc^ 

*  Geological  BcKarches,  p.  334.  §  Soe   Prindplci,  Atfac,   I>«Do«nM, 
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teroui  insects  (flg.  419.)  are  beaatiMlf 
perfect  in  this  bed.  Fems,  with  leaves 
of  monocotjledonoaa  plants,  and  some 
i^parently  brKkish  and  freshwater 
shells,  aocompan;  the  insects  in  several 
places,  irhile  in  others  marine  shells 
^iSUl  Li^r^'^K;Si^SS;.'^'TR«!  predominate,  the  fosaiU  varying  appa- 
p.  B.  Bradie.)  rentJy  as  we  examine  the  bed  nearer  or 

&rther  from  the  ancient  land,  or  the  source  whence  the  fresh  water  waa 
derived.  Tliere  are  two,  or  even  tiiree,  bands  of  "  insect  limestone  "  in 
several  sections,  and  they  have  been  ascert«ined  by  Mr.  Brodie  to  retain 
the  same  lithological  and  soological  characters  when  traced  from  the 
centre  of  Warwickshire  to  the  borders  of  the  sonthem  part  of  Wales. 
After  studying  300  specimens  of  these  insects  from  the  lias,  Mr.  West- 
wood  declares  that  they  comprise  both  wood-eating  and  herb-de- 
vonring  beetles  of  the  Linnean  genera  EUtter,  Carabtu,  &c.,  besides 
grasshoppers  (  GryUui),  and  detached  wings  of  dragon-flies  and  may- 
flies, or  insects  referable  to  the  Linnean  genera  LibeUula,  Ephemera, 
Semerobitu,  and  Panorpa,  in  all  belonging  to  no  less  than  twenty- 
fbor  iamilies.  The  size  of  the  species  is  nsaally  small,  and  snch  as 
taken  alone  would  imply  a  temperate  climate ;  but  many  of  the  asso- 
ciated organic  remains  of  other  classes  mnst  lead  to  a  different 
conclusion. 
Fottil  plantt. — Among  the  vegetable  remains  of  the  Lias,  several 
Bpeciee  of  Zamia  have  been  found  at  Lyme 
"'  '"  ~     ■  1,  and  the  remuns  of  coniferous  plants 

at  WMtby.  -Fragments  of  wood  are  com- 
.  mon,  and  often  converted  into  limestone. 
[  That  some  of  this  wood,  though  now  petri- 
I,  was  soft  when  it  first  lay  at  the  bot- 
tom of  the  sea,  is  shown  by  a  specimen  now 
in  the  mosenm  of  the  Geological  Society  (see  flg.  420.),  which  has  the 
ferm  of  an  ammonUe  indented  on  its  surface. 

M.  Ad.  Brongniart  enomerates  forty-seven  liassic  acrogens,  most 
of  tbem  ferns ;  and  flAy  gymnogens,  of  which  thirty-nine  are  cycads, 
and  eleven  conifers.  Among  the  cycads  the  predominance  of  ^mitei 
Mid  NUnonia,  and  among  the  ferns  the  nnmeroas  genera  with  leaves 
having  reticulated  veins  (as  in  fig.  38J!.  p.  315.),  are  mentioned  as 
botanical  characteristics  of  this  era.*  The  absence  as  yet  &<om  the 
Lias  snd  Ooolite  of  all  signs  of  dicotyledonous  angiosperms  is  worthy 
of  notice.  The  leaves  of  such  plants  are  frequent  in  tertiary  strata, 
and  occur  in  the  CretaeeouB,  though  leas  plentifnUy  (see  above, 
p.  267.)  The  angiosperms  seem,  therefore,  to  have  been  at  the  least 
ooroparalively  rare  in  these  older  secondary  periods,  when  mora 
spkce  was  occupied  by  the  Cycads  ^d  Conifers. 

Ongimofthe  OoUie  and  Liat. — If  we  now  endeavoor  to  restore, 
in  imagination,  the  ancient  condition  of  the  European  area  at  the 

•  Tablcatt  desTeg.  Foe.  1849,  p.  109. 
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period  of  the  Oolite  and  Lias,  we  mnet  conceive  a  BOft  in  which  the 
growth  of  coral-reefs  aod  shelly  limestones,  after  proceeding  withoot 
interruption  for  sges,  was  li&ble  to  be  stopped  suddenly  bj  the  depo- 
sition of  clayej  sediment  Then,  again,  the  argillaceons  matter,  de- 
void of  corals,  was  depodted  for  ages,  and  attuned  a  thickneaa  lA 
hundreds  of  feet,  until  another  period  arrived  when  the  same  spice 
was  again  occupied  by  calcareous  sand,  or  solid  rocks  of  shell  ud 
coral,  to  be  again  succeeded  by  the  recarrence  of  another  period  of 
argillaceous  deposition.  Mr.  Conybeare  has  remarked  of  Uie  entire 
group  of  Oolite  and  Lias,  that  it  consists  of  repeated  altematioDB  of 
clay,  sandstone,  and  limestone,  following  each  other  in  the  sune 
order.  Thus  the  clays  of  the  lias  are  followed  by  the  sands  of  the 
inferior  oolite  and  these  again  by  shelly  and  coralline  limeatone 
(Bath  oolite,  8cc.)  ;  so,  in  the  middle  oolite,  the  Oxford  day  is  f(d- 
lowed  by  calcareous  grit  and  coral  rag ;  lastly,  in  the  upper  oolite, 
the  Kimmeridge  clay  is  followed  by  the  Portland  sand  and  Umeetaoe.* 
The  clay  beds,  however,  as  Sir  H.  De  la  Beche  remarks,  can  be  fal- 
lowed over  lai^;er  areas  than  the  sands  or  sandstones,  f  It  should 
also  be  remembered  that  while  the  oolitic  system  becomes  arenaceous 
and  resembles  a  coal-field  in  Yorkshire,  it  assumes  in  the  Alps  in 
almost  purely  calcareous  form,  the  sands  and  clays  being  omitted; 
and  even  in  the  intervening  tracts  it  ia  more  complicated  and  varisUe 
than  appears  in  ordinary  descriptions.  Nevertheless,  some  of  the 
clays  and  intervening  limestones  do  retain,  in  reality,  a  pret^  nni- 
form  character  for  distances  of  from  400  to  600  miles  &om  east  to 
west  and  north  to  south. 

According  to  M.  Thinia,  the  entire  oolitic  group  id  tbe  depart- 
ment of  the  Hante  Sadne,  in  France,  may  be  equal  in  thickness  le 
that  of  England ;  but  the  importance  of  the  ai^iUaceous  divisions  is 
in  the  inverse  ratio  to  that  which  they  exhibit  in  England,  where 
they  are  about  equal  to  twice  the  thickness  of  the  limestones,  whereas 
in  the  part  of  France  alluded  to,  they  reach  only  about  a  third  of  that 
thickness.}  In  the  Jura  the  clays  are  still  thinner ;  and  in  the  Alps 
they  thin  out  and  almost  vanish. 

Li  order  to  account  for  such  a  snccesnon  of  events,  we  may  ima- 
gine, first,  the  bed  of  the  ocean  to  be  the  receptacle  for  ages  of  line 
argillaceous  sediment,  brought  by  oceanic  currents,  which  may  have 
communicated  vrith  rivers,  or  with  part  of  the  sea  near  a  wasting 
coast  This  mud  ceases,  at  length,  to  be  conveyed  to  the  same  r^ion, 
either  because  the  land  which  had  previously  suffered  denadation 
is  depressed  and  submerged,  or  because  the  current  is  deflected  in 
another  direction  by  the  altered  shape  of  the  bed  of  the  ocean  and 
neighbouring  dry  land.  By  such  changes  the  water  becomes  race 
more  clear  and  fit  for  the  growth  of  stony  zoophytes.  Calcareous 
sand  is  then  formed  &om  comminuted  shell  and  coral,  or,  in  some 
cases,  arenaceous  matter  replaces  the  clay ;  because  it  comnaowly 
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h^pens  Oai  the  finer  Bodiment,  being  fint  drifted  farthest  from 
•XMsta,  is  sobeequently  ovenpread  by  coarse  sand,  afler  the  ses  hu 
grown  Bb&llower,  or  when  the  land,  increasing  in  extent,  whether  by 
Dphearal  or  by  sediment  filling  ap  parts  of  the  se^  has  approached 
nearer  to  the  spots  first  occupied  by  fine  mud. 

In  order  to  account  for  another  great  formation,  like  the  Oxford 
clay,  agun  covering  one  of  coral  UmeBtone,  we  must  suppose  a  sink- 
ii^  down  like  that  which  ia  now  taking  place  in  some  existing 
regions  of  coral  between  Australia  and  South  America.  The  oc- 
conence  of  subsidence^  on  so  yast  a  scale,  may  have  caused  the 
bed  of  the  ocean  and  the  adjoining  land,  throughout  great  parts  of 
the  European  area,  to  assume  a  shape  favourable  to  the  depoaidon  of 
mother  set  of  clayey  strata ;  and  this  change  may  have  been  buo- 
ceeded  by  a  aeries  of  events  analogous  to  that  already  explained,  and 
these  again  by  a  third  series  in  similar  order.  Both  the  ascending 
ind  descending  movementa  may  have  been  extremely  slow,  like  those 
now  g<nng  on  in  the  Pacific  ;  and  the  growth  of  every  stratum  of 
coral,  a  few  feet  of  ^ckness,  may  have  required  centuries  for  its 
MHupletion,  during  which  certtun  specieB  of  oi^anio  beiogs  disap- 
peared frcMu  the  earth,  and  others  were  introduced  in  their  place ;  so 
that,  ia  each  set  of  strata,  from  the  Lias  to  the  Upper  Oolite,  some 
pecoliar  and  characteristic  fbssila  were  embedded. 

Oolite  and  Liat  ofUu  UmUd  StaUt. 

There  ara  large  tracts  on  the  globe,  as  in  Russia  and  the  TTiiited 
States,  where  all  the  members  of  the  oolitic  series  are  nnrepresented. 
In  the  state  of  Virginia,  however,  at  the  distance  of  about  13  miles 
eastward  of  Bichmond,  the  capital  of  that  State,  there  is  a  regular 
eoal-field  occurring  in  a  depression  of  the  granite  rocks  (see  section, 
fig.  421.)^  wtuch  Professor  W.  B.  Sogers  first  correctly  referred  to 


A.  Omilu.  fiwlH,  he. 

the  age  of  the  lower  part  of  the  Jurassio  gronp.  This  opinion  I 
was  enabled  to  confirm  after  collecting  a  large  number  of  fossil 
plants,  fish,  and  shells,  and  examining  the  coal-field  tiiroughont  its 
whole  area.  It  extends  26  miles  &om  north  to  south,  and  &om  4 
to  12,  bvaa  east  to  west  The  plants  consiBt  chiefiy  of  zamites,  cala- 
mites,  and  equisetoms,  and  these  last  are  very  commonly  met  with  in 
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a  rerticKl  podtion  more  or  lees  compreased  perpendicolKrlj.  It  it 
clear  tliat  they  grew  in  the  places  where  thej  are  now  buried  in  stnta 
of  hardened  aand  and  mad.  I  found  them  maintaining  their  erect 
.attitade,  at  points  many  miles  distant  trom  otheii^  in  beds  both  ahore 
and  between  the  Reams  of  coaL  In  order  to  explain  this  fkct  we  most 
suppose  such  shales  and  sandstones  to  have  been  gradually  accumu- 
lated during  the  slow  and  repeated  aabsidence  of  the  whole  rc^oD. 

It  is  worthy  of  remark  that  the  Eqm»et«M  eohunnara  of  then 
Virginian  rocks  appears  to  be  undistinguishable  &om  the  spedes 
found  in  the  oolitic  sandstones  near  Whitby  in  Yorkshire^  whcrn  it 
also  is  met  with  in  an  upright  position,  (hie  of  the  Yii^inian  fonl 
ferns,  Feet^leru  Wh^^auit,  is  also  a  species  common  to  the  ToA- 
shire  ooUtes.*  Theee  Tirginian  coal'meaaures  are  composed  of  grit^ 
sandstones,  and  shales,  exactly  resembling  those  of  older  or  primary 
date  in  America  and  Europe,  and  they  rival  or  even  surpass  tke 
latter  in  the  richness  and  tbickness  of  the  coal-seams.  Ono  of  thcae, 
the  nuun  seam,  is  in  some  places  from  30  to  40  feet  thick,  compoMd 
of  pure  bituminous  coaL  On  descending  a  shaft  800  feet  deep,  in 
the  Blackheath  mines  in  Chesterfield  coonty,  I  found  mysdf  in  a 
chamber  more  than  40  feet  high,  caused  by  the  removal  of  this  cosL 
Timber  props  of  great  strength  supported  the  roo^  but  they  were 
seen  to  bend  under  the  incumbent  weight;  The  coal  is  like  the 
finest  kinds  shipped  at  Newcastle,  and  when  analysed  yields  the  same 
proportions  of  carbon  and  hydrogen,  a  bet  worthy  of  notice  whoi 
we  consider  that  this  fuel  has  been  derived  from  an  assemblage  of 
plants  very  distinct  specifically,. and  in  part  generically,  from  those 
which  have  contributed  to  the  formation  of  the  ancient  or  paleouic 
coaL 

The  fossil  fish  of  these  Bichmond  strata  belong  to  the  liasaic  genus 
Tetragonokpii  {.lEchmodiu),  see  fig.  411.,  and  to  a  new  genos  which 
I  have  called  Dietj/opyge.     Shdls  are  very  rare,  as  nsuaUy  in  all 


*  See  deaeription  of  the  coal-field  ^  f  PoufU/,  aa  niggeatsd  by  fni 
the  aothor,  and  of  the  plant*  b;  C.  J.  P.  Morrii  (QcoL  Jonnu  ni.  in.  p.  tli.\ 
Banbury,  Eiq.,  Quart.  Oeol.  Jobrl,  toL  Ihess  deliceie  biralTei  may  prove  to  be- 
lli, p.  asi.  long  to  the  crnstacean  geuns  EArit. 
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ctwl-bearing  deposits,  bat  a  species  of  PondoTiomya  is  in  such  pro- 
fusion in  Bome  ahaly  bedg  as  to  divide  them  like  the  plmtes  of  mica 
in  DUcaceouB  shklee  (see  fig.  422.). 

In  India,  especially  in  Cntch,  a  formation  occurs  clearlj  referable 
to  the  oolitic  and  tiasdc  i;f^  as  sbown  by  the  shells,  corals,  and 
plants ;  and  there  bIeo  coal  has  been  procured  &om  one  member  of 
thegronp. 
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CHAPTER  XXn. 

TBUB  OB  ITEW  BED  BAHDBIONE  OBOVP. 

I^^clion  beCweeo  New  uid  Old  Bed  SandMone— Between  Upper  wld  lom 
Mew  Bed — The  Triu  and  iis  thiee  divUknu — HoM  la^elj  derelcped  in  Ga- 
nunj — Eenper  and  its  tomW — Miucbelktdk  utd  fbadli — forail  jdanti  of  tk 
Banter — TriaMic  group  in  England — Bone-bed  of  Axmonth  and  Anit— Bed 
Bcndstone  of  Warwickihire  uid  Cheahirs  — Footitepi  of  Charo&eriieti  in  EogiUail 
and  Germany  — OMeolog;  of  the  LabsriiilhoJm — Identificadon  of  this  B4- 
tracbian  with  ihe  CfaeirotheriDDi'- Triune  munmifer  —  Ori^  of  Bed  SudMon 
and  Rock-nJl  — BTpoCbesiiof  ulineTalcMiic  exbalntions — Tleory  of  the  pn- 
d[ulation  of  ult  from  Inland  Uku  or  lagoons — SaltntM  of  the  Bed  Sea— fisv 
Bed  Sandstone  in  the  United  State* — Fossil  footprints  of  birds  and  repdla  ia 
tbeTalleyof  the  Camecticut — Antiqni^t/the  Bed  Ssndnone  contaimng  than. 

Between  th«  Lias  and  th«  Coal  (or  Carboniferoas  group)  there  u 
interpoBed,  in  the  midland  and  western  counties  of  England,  a  great 
aeries  of  red  loams,  shales,  and  sandstones,  to  which  the  name  at  tbe 
"  New  Bed  Sandstone  formation"  was  first  given,  to  distioguiali  il 
from  other  shales  and  sandstones  called  the  "  Old  Bed"  (c.  fig.  423.), 
often  identical  in  mineral  character,  which  lie  immediately  hencath 
the  coal  {b). 


Tbe  name  of  "  Red  Marl"  has  been  incorrectly  applied  to  the  red 
clays  of  this  formation,  as  before  explained  (p.  13.),  for  they  are 
remarkably  free  from  calcareous  matter.  The  absence,  indeed,  of 
carbonate  of  lime,  as  well  as  the  scarcity  of  organic  remains,  togetbei 
with  the  bright  red  colour  of  most  of  ^e  rocks  of  this  group,  caoses 
a  strong  contrast  between  it  and  the  Jurassic  formations  before  de- 
scribed. 

Before  the  distinctness  of  the  fossil  remains  characteriang  the 
upper  and  lower  part  of  the  English  New  Red  had  been  clearly 
rec<)gQized,  it  was  found  convenient  to  have  a  common  name  fbr 
all  the  strata  intermediate  in  position  between  the  Lisa  and  Cosl; 
and  the  term  "Poikilitic"  was  proposed  hj  Messrs.  Conjbeare  wid 
Buckland*,  from  roiKiKoc,  poikilos,  variegated,  some  of  the  most 
characteristic  strata  of  this  group  having  been  called  variegated  by 

*  Bockland,  Bridg.  TreaL,  toI  ii  p.  38. 
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Werner,  from  their  exhibiting  crpots  and  Btreaka  of  ligbt-blne,  green, 
ud  buff  colour,  in  a  red  base. 

A  single  term,  thas  comprehending  both  Upper  and  Lower  New 
Bed,  or  the  IViaaaic  and  FeTmian  groapa  of  modem  claasificationg, 
maj  Btill  be  naeful  in  deecribing  districts  where  we  have  to  speak  of 
magees  of  red  saadstone  and  shale,  referable,  in  part,  to  both  these 
eraf^  bat  which,  in  the  abaence  of  fossils,  it  is  impossible  to  divide. 

TRIAS  OB  DPPES  MEW  BED  SANDSTONE  GBOUP. 

The  accompanying  table  will  explain  the  snbdiTiatong  generally 
■dopled  for  the  appermost  of  the  two  Bjstems  above  alluded  to,  and 
the  names  given  to  them  in  England  and  on  the  Continent 


Saliferooi   and    gjp-'l 

'  SEeuper  -    Hames  iiMta. 


(a.  S 
sandnone       -        -j 

I  shall  first  describe  this  group  as  it  occurs  in  Sonth-westem  and 
North-western  Germany,  for  it  is  far  more  fnlly  developed  there 
than  in  £agUnd  or  France.  It  has  been  called  the  Trias  bj  Glennan 
vritera,  or  the  Triple  Group,  becaase  it  is  separable  into  three  distinct 
fbmatioQB,  called  the  "  Kenper,"  the  "  Muschelkalk,"  and  the  "  Bun- 
ter-sandstein." 

The  Kevper,  the  first  or  newest  of  these,  is  1000  feet  thick  in 

Wartemberg,  and  is  divided  hj  Alberti  into  sandstone,  gypsum,  and 

carbonaceous  slate-clay.*    Bemaias  of  Reptiles,  called  Notkotattnu 

Flu.  (M.  ^•°-^  Fhr/toiaurus,  have  been  found  in  it  with 

JjobffriniAodon  ;  the  detached  teeth,  also,  of 

placoid  fish  and  of  rays,  and  of  the  genera 

,    Sauriohthi/i  and  Gi/rakpit  (figs.  433, 434., 

p.  338.>     The  plants  of  the  Keuper  are 

t  gencrically  very  analogous  to  those  of  the 

I  lias  and  oolite,  consisting  of  femn,  equise- 

taceoQS  plants,  cycads,  and  conifers,  with 

.(.  (Spi.  £j»i.  a  few  doubtful  monocotyledons.     A  few 

omTiai  •  im^'i  paruuofuia'*  species,  Buch   as   EquuetUa   columTtaru, 

-  KcopB.  ^j^  common  to  this  group  and  the  oolite. 

The  MiaehtVtalk  consists  chiefly  of  a  compact,  greyish  limeBtone, 

but  bcludes  beds  of  dolomite  in  many  places,  together  with  gypsum 

■nd  rock-salt     This  limestone,  a  rock  wholly  unrepresented  in  Eng- 

ttnd,  abounds  in  fossil  shells,  as  the  name  implies.     Among  the  ce- 

pbalopoda  there  are  no  belemnites,  and  no  ammonites  with  foliated 

■utnies,  aa  in  the  incumbent  liaa  and  oolite,  but  a  genus  allied  to  the 

Ammonite,  called  CtratiU*  by  De  Haan,  in  which  the  descending 

*  Honog.  dw  Bimteii  Sanditeios. 
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lobes  (see  a,  b,  r,  fig.  425.)  termiDste  in  ■  few  small  denticiilatKiis 
pointing  inwards.  Among  the  biyKlve  Bhells,  the  Potidania  mnntfa, 
Goldf.  {Fotidonomya  minufa,  Bronn),  see  fig.  426.,  ie  abundant,  ranging 
through  the  Keuper,  Muschelkalk,  and  Bunter-sandstein ;  and  An- 
cvla  tocialit,  fig.  427.,  having  a  similar  range,  is  very  charactemtic 
of  the  Muschelkalk  in  Gennany,  France,  and  Folsud. 
Fi|,  ae.  a  Fif.  at. 


ilkofllHHfwMUk. 


The  abundance  of  the  heads  and  stems  of  lily  encrinitet,  EmerMtu 

FI|.«M.  lUttfomis,  fig.  428.  (or  Enerinitet  montli/anaw), 

show  l^e  dow  manner  in  which  some  beds  of  this 

limestone  have  been  formed  in  clear  sea-water. 

The  Btar^fish  called  Aipidura   lorieata,  fig.  429., 


,»,  Vril  pall  of  U«B 
MoKhfUwlk. 
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ia  as  jet  pecnliv  to  tbe  Mnechelkslk.  In  the  same  formatioii  are 
rDUQdgaBoidfshwithheterocercal  taila,of  thegenoBPIacwftu.  (See 
fig.  430.) 


trrwifiM*.}  ^^ 
1.  porilon  or  USX  mifDlllid  to  iliov 


Midi  twik  tt  ntcaiia  f^mt. 


The  BtttUer-iandtttin  cooBista  of  Tarions  coloured  sandstones, 
dolomites,  and  red-cla^s,  vith  some  beda,  especially  in  the  Hortz,  of 
cftlcareons  pisolite  or  roe-stone,  the  whole  sometimes  attaining  a 
thiclmeas  of  more  than  1000  feet.  The  sandstone  of  the  Toages, 
aecording  to  Von  Meyer,  ia  proved,  by  the  presence  of  Labyrin- 
tkodon,  to  belong  to  this  lowest  member  of  the  Triaesic  group.  At 
Snlzbad  (or  Soultz-les-bains),  near  Straabnig,  on  the  flanks  of  the 
Vosgea,  many  plants  have  been  obtained  from  the  "banter,"  espe- 
cially conifers  of  the  extinct  genns  Voltzia,  peculiar  to  this  period, 
in  which  even  the  fructification  has  been  preserved.     (See  fig.  431.) 

Out  of  thir^  Bpecies  of  ferns,  cycads,  coniiera,  and  other  plants, 
eunmerated  by  M.  Ad.  Brongniart,  in  1849,  aa  coming  from  tbe 
"gr«  bigatrfi,"  or  Bunter,  not  one  is  common  to  the  Keuper.*  This 
difference,  however,  may  arise  partly  from  the  fact  that  the  flora  of 
"  the  Bunter  "  has  been  ahnoet  entirely  derived  from  one  district  (the 
neighbourhood  of  Straaburg),  and  its  peculiarities  may  be  local. 

The  footprints  of  a  reptile  {LabyrmiAodoii)  have  been  observed  on 
the  clays  of  this  member  of  tbe  Trios,  near  Hildburghausen,  in  Sax- 
ony, impressed  on  the  upper  surface  of  tbe  beds,  and  standing  out  as 
casta  in  relief  from  the  under  sides  of  incumbent  slabs  of  sandstone. 
To  these  I  shall  again  allude  in  the  eeqnel ;  th^  attest,  as  well  as 
the  accompanying  ripple-marks,  and  the  cracks  which  traverse  tbe 
cUts,  the  gradual  deposition  of  the  beds  of  this  formation  in  shallow 
water,  and  sometimes  between  high  and  low  water. 

Triattie  Group  in  England. 
In  England  the  Lias  is  succeeded  by  conformable  strata  of  red  and 
green  marl,  or  clay.     There  intervenes,  however,  both  in  the  neigh- 
bourhood of  Azmouth,  in  Devonshire,  and  in  tbe  cliffs  of  Westbury 

■  TaUum  to  Genres  d«  Yeg.  fat..  Diet  Unir.  1S48. 
z 
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uid  Aiut,  in  Gloucesterafaire,  on  the  banke  of  the  Serera,  a  dark- 
coloured  stratum,  well  known  by  tiie  name  of  the  "  bone-bed.*  It 
abounds  in  the  remaine  of  sauriana  and  fish,  and  was  formerly  classed 
as  the  lowest  bed  of  the  Lias ;  but  Sir  F,  Egerton  has  shown  diat  it 
ghonld  be  referred  to  the  Upper  New  Bed  Sandstone,  for  it  content 
an  assemblage  of  fossil  fish  which  are  either  peculiar  to  this  stratnm 
or  belong  to  species  well  known  in  the  Muschelkalk  of  Germany. 
These  fish  belong  to  the  genera  Aeroebu,  Bybodtu,  GyroUpit,  and 
Sauriehthgt. 

Among  those  common  to  the  English  bone-bed  and  the  Most^- 
kalk  of  Germany  are  HyboduM  pUeatilu  (fig.  432.),  Sauriehthft  opi- 
ealu  (fig.  433.),  GyroUpit  tamtatnaius  (fig.  434.),  and  G,  Alhtrtu. 
Remains  of  sanrians  have  also  been  found  in  the  bone^bed,  and  [dsUs 
of  an  Enerauu. 

nf.in.  Fii.<K 
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The  strata  of  red  and  green  marl,  which  follow  the  bone-bed  in 
the  descending  order  at  Axmonth  and  Aust,  are  destitute  of  orgsnic 
remains ;  at  is  the  case,  for  the  most  part^  in  the  corresponding  Iwdj 
in  almost  every  part  of  England.  But  fossils  have  been  found  at  s 
few  localities  in  eondstonee  of  this  formation,  in  Worcestershire  sod 
Warwickshire,  and  among  them  the  biralve  shell  called  PoMmia 
minuta,  Goldf.,  before  mentioned  (fig.  426.  p.  336.). 

The  upper  member  of  the  English  "New  Red"  containing  tbii 
shell,  in  those  parts  of  England,  is,  according  to  Messrs.  Uurchison 
and  Strickland,  600  feet  thick,  and  consists  chiefly  of  red  mari  or 
slate^  with  a  band  of  sandstone.  Icbthyodorulites,  or  spinet  of 
Hybodut,  teeth  of  fishes,  and  footprints  of  reptiles  were  obserred  by 
the  sane  geologists  in  these  strata*;  and  the  remains  of  a  sanrisn, 
called  RkynchoMaurut,  have  been  found  in  this  portion  of  die  tta» 
at  Grinsell,  near  Shrewsbary. 

In  Cheshire  and  Lancashire  the  gypseous  and  aaliferons  red  shales 
and  clays  of  the  Trias  are  between  1000  and  1500  feet  thick.  In 
some  places  lenticular  masses  of  rock'salt  are  interpolated  between 
the  argillaceous  beds,  the  origin  of  which  will  be  spoken  of  in  the 
sequeL 

Hie  lower  division  or  English  representative  of  the  "Bunter" 

•  Gecd.  nana,  See.  Ser.,  toL  t.  p.  S18.  &c 
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tttiiiiB  a  thickness  of  600  feet  in  the  coanlies  tut  mentioned.  Be- 
ridei  red  and  green  shales  and  red  sandstones,  it  comprises  much 
toft  white  qnartsose  sandstone,  in  which  the  tmnks  of  silicifled  trees 
We  been  met  irith  at  Alleelej  Hill,  near  CoTentiy.  Several  of 
them  were  a  foot  and  »  half  in  diameter,  and  WHne  yards  in  length, 
deddsdly  of  coniferons  wood,  and  showing  rings  of  annual  growth.* 
Impressions,  also,  of  the  footsteps  of  animals  have  been  detected  in 
Tancashire  and  Gheshiia  in  this  formation.  Some  of  the  most  re- 
markable occur  a  few  miles  from  Lirerpool,  in  the  whitish  qnartzose 
ra&dstone  of  Storton  Bill,  on  the  west  side  of  the  Mersey.  They 
be«r  a  cloee  resemblance  to  tracks  first  obserred  in  a  member  of  the 
Upper  Hew  Bed  Sandstone,  at  the  village  of  Hesseberg,  near  Hild- 
bughansen,  in  Saxony,  to  which  I  have  already  allnded.  For  many 
yean  these  footprints  have  been  referred  to 
"■  a  lai^  unknown  qnadmped,   provisionally 

named  Cititvlheriitm  by  Frafessor  Kaup, 
becanse  the  marks  both  of  the  fore  and  hind 
feet  resembled  impressions  made  by  a  human 
hand.  (See  fig.  435.)  The  footmarks  at 
Hesseberg  are  partly  concave,  and  partly  in 
relief;  the  former,  or  the  depressions,  are 
seen  upon  the  npper  surface  of  the  sandstone 
slabs,  but  those  in  relief  are  only  upon  the 
lower  surfaces,  being  in  fact  natural  casts, 

formed  in  the    subjacent  footprints  as   in 

^«ij;«i  dfhthof  lui.    mouUg,    xhe  larger  impressions,  which  seem 

to  be  those  of  the  hind  foot,  are  generally 

8  mckes  in  length,  and  5  in  width,  and  one  was  12  inches  long. 

Kear  each  large  footstep,  and  at  a  regular  distance  (about  an  inch 

ff^     ^1^     ^^ 

UoaolfixKiupiaiilibgfiiiiiUtou.    HlUboriliuMa,  b  Suooj.     || 

and  1  half),  before  it,  a  smaller  print  of  a  fore  foot,  4  inches  long  and 
3  inches  wide,  occurs.  The  footsteps  follow  each  other  in  pairs,  each 
pair  in  the  same  line,  at  intervals  of  14  inches  from  pair  to  pair. 
The  latge  as  well  as  the  small  steps  show  the  great  toes  alternately 
on  the  right  and  left  side ;  each  step  mokes  the  print  of  five  toes,  the 
first  or  great  toe  being  bent  inwards  like  a  thumb.  Though  the  fore 
and  hind  foot  difier  so  much  in  alse,  tliey  are  nearly  similar  in  form. 
The  similar  footmarks  afterwards  observed  in  a  rock  of  corre- 
sponding age  at  Storton  Hill  were  imprinted  on  five  thin  beds  of 
clay,  saperimpwed  one  upon  the  other  in  the  same  quarry,  and  sepa- 
niled  by  beds  of  sandstone.     On  the  lower  surface  of  the  sandstone 
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strata,  the  solid  casts  of  each  impreenon  are  salient^  in  high  relief 
and  afford  models  of  the  fee^  toes,  and  claws  of  the  mitn^n  \r)a& 
trod  on  the  olaj.  On  the  same  snrfaces  Mr.  J.  Cmmingham  dis- 
covered (1839)  distinct  easta  of  runnlrop  markinga. 

As  neither  in  Gernuny  nor  in  England  aaj  bones  w  teeth  hid 
been  met  with  in  the  same  identical  strata  as  the  footsteps,  autCK 
Doiets  indulged,  for  several  years,  in  various  conjectures  reapediae 
the  mysterious  animals  from  which  {hej  alight  have  been  derivBi 
Professor  Eaup  suggested  that  the  unknown  quadruped  might  hure 
been  allied  to  the  Marivpiaiia  ;  for  in  the  kangaroo  tlie  firat  to«  ti 
the  fore  foot  is  in  *  nmilar  manner  set  obliquely  to  tlte  others,  liksi 
thumb,  and  the  disproportion  between  Hie  fore  and  bind  feet  ia  also 
very  greaL  But  M.  Link  conceived  that  some  of  the  four  qmcies  tt 
ftninnftl"  of  which  the  tracks  had  been  fonnd  in  Saxony  might  hare 
been  gigantic  Batrae/uant ;  and  Dr.  Buckland  designated  some  of 
the  footsteps  as  those  of  a  sm^  web-foot«d  animal,  probably  croco- 

In  the  coarse  of  these  discuanons  several  naturalist!  of  Liverpool, 
in  their  report  on  the  Storton  quarries,  declared  tbeir  opinion  dist 
each  of  the  thin  seams  of  clay  in  which  the  sandstone  casts  were 
moulded  had  formed  sucoessiTely  a  surface  above  water,  over  wbidi 
4be  Ckeirotiterivm  and  other  animals  walked,  leaving  in^preasions  of 
their  footsteps,  toA  that  each  layer  had  been  afterwards  submerged 
by  a  sinking  doFii  of  the  soriace,  so  tbat  a  new  beach  was  formed  at 
low  -water  above  ,tbe  former,  on  which  other  tracks  were  then  made. 
The  repeated  occnrrence  of  ripple-marks  at  various  hnghia  and 
depths  in  the  red  sandstone  of  Cbeahire  had  been  explained  in  the 
same  manner.  It  was  also  remarked  that  impressitxiB  of  nicb  deptk 
and  clearness  could  only  have  been  made  by  mjiniula  walking  oo  tbe 
land,  as  their  weigbt  would  have  been  insufficient  to  make  them  sink 
so  deeply  id  yielding  clay  under  water.  They  must  tberetos  have 
been  ur-breaUierB. 

When  the  inquiry  bad  been  brought  to  this  poin^  the  reptiliu 
remains  discovered  in  the  Trias,  both  of  Germany  and  England,  wwre 
carefu%  examined  by  Prof.  Owen.  He  found,  after  a  microBCOpie 
investigation  of  the  teeth  tnm  the  Gemian  sandstone  called  "KoapKr, 
and  from  the  sandstone  of  Warwick  and  Leamington  (fig.  437.), 
that  neither  of  them  could  be  referred  to  true  saurians,  altltongh  th^ 
had  been  named  Mattodomaitnu  and  JPI^ftoUMtrmt 
"*■  *"■  by  Jager.     It  appeared  that  they  were  of  tie  jB«- 

trtuhian  order,  and  attueted  the  fonner  azirtence 
of  frogs  of  gigantic  dimensions  in  comparism  iritl) 
any  now  living.  Botfa  the  Continental  and  Ei^liBh 
fossil  t«etli  exhibited  a  most  conqtlicated  texture, 
idi&ring  from  that  preyiously  observed  in  any  rep- 
ToMh  ^^^^'*^-  tile,  whether  ree^t  or  extinct^  but  most  neari  j  siut- 
wicfuDdttone.  logous  to  the  lekthyotauTU*.    A  secticui  ofooe  of 

these  teeth  exhibits  a  series  of  irregular  folds,  re- 
sembling the  labytinttiic  windings  of  the  surface  of  the  brain  j  wad 
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bom  this  ciuuntcter  ProC  Owen  bM  propoaed  the  luune  Lahyrintlu>- 
Sam  for  the  new  geans.  Th«  annexed'  representation  (fig.  438.)  of 
part  of  one  ia  given  from  hia  "Odontography,"  plal«  64 A.  The 
entire  length  of  this  tooth  is  supposed  to  have  been  about  three 
inchei  and  a  hal^  and  the  breadth  at  the  base  one  inch  and  a  hal£ 


When  FroC  Owen  had  satisfied  himself  &om  an  inapection  of  the 
(TRoinm,  jaws,  and  teeth,  that  a  gigantic  Batrachian  bad  existed  at 
the  period  of  the  Trias  or  Uppw  New  Red  Sandstone,  he  soon  found, 
from  the  examination  of  rarious  bones  derived  A^)m  the  same  fomia- 
lion,  that  he  could  define  three  species  of  Labj/finthodinn,  and  that  is 
t^  genus  the  hind  extremitiea  were  much  larger  than  tlie  anterior 
(nee.  This  circnmstance,  coupled  witli  the  fact  of  the  Labyrinihodon 
having  existed  at  the  period  when  the  ChtiTothtrian  footsteps  were 
made,  was  the  first  step  towards  the  identification  of  those  tracks 
with  the  newly  discoTered  Batrachian.  It  was  at  the  same  time 
obaerred  that  the  fbotmarka  of  Chtirothmum  were  more  like  thoee 
of  toads  than  of  any  other  living  animal ;  and,  lastly,  that  the  size  of 
the  three  species  of  Lahyrinthodon  eorreeponded  with  the  siie  of 
three  different  kinds  of  footprints  which  had  already  been  supposed 
to  bdwig  to  three  distinct  ChHrotheria.  It  was  moreover  inferred, 
with  confidence,  that  the  LabyritUhodon^w  an  air-bnathing  reptile 
from  the  structure  of  the  nasal  carity,  in  which  the  posterior  outlets 
were  at  the  back  part  of  the  mouth,  instead  of  being  directly  under 
the  anterior  or  external  nostrils.  It  must  have  respired  air  after 
the  manner  of  sanriana,  and  may  therefore  have  imprinted  on  the 
shcRfi  those  footsteps,  which,  as  we  have  seen,  could  not  have  origi- 
nated from  an  animal  walking  under  water. 

It  is  true  that  the  stmctnre  of  the  foot  ia  still  wanting,  ud  that  a 
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more  connected  and  complete  skeleton  is  required  for  di 
but  the  circomstAntial  evidence  ftbove  stated  is  strong  enough  to  pro- 
duce the  conviction  that  the  CheirotheriuM  and  Labj/rmikodtM  ve 
one  and  the  same. 

In  order  to  show  the  manner  in  which  one  of  these  fonnidible 
Batrachions  maj  have  impressed  the  mark  of  its  feet  upon  tba 
shore,  Prof.  Owen  has  attempted  a  restoration,  of  which  a  reduced 
copT'  is  annexed. 


Hie  only  bones  of  this  species  at  present  known  are  those  vi  dw 
head,  the  pdvis,  and  part  of  the  scapula,  which  are  shown  by  stronger 
lines  in  the  above  figure.  There  is  reason  for  believing  that  the 
head  was  not  smooth  externally,  but  protected  by  bony  scntclk. 
This  character  and  the  presence  of  strong  conical  teedi  implanted  in 
sockets,  together  with  the  elongated  form  of  the  head,  induce  msny 
able  anatomists,  such  as  Von  Meyer  and  Mantell,  to  regard  the  Lsby- 
rinthodons  as  more  allied  to  crocodiles  than  to  frogs.  ButthedonUe 
occipital  condyles,  the  position  of  some  of  the  teetii  on  the  vomw  and 
palatine  bones,  and  other  characters,  are  considered  by  Mmbs- 
Jager  and  Owen  to  give  them  superior  claims  to  he  classed  as  bs- 
tracbians.  Hiat  they  occnpy  an  intermediate  place  is  clear,  bat  too 
little  is  yet  known  of  the  entire  skeleton  to  enable  us  to  determiiN 
the  exact  amount  of  tiieir  affinity  to  one  or  other  of  the  above-nsmed 
great  divisions  of  reptiles. 

Triatne  Mamm^tr  {MieroUtUt  antiqmu,  Plieninger). — Id  the 
year  1847,  Professor  Plieninger,  of  Stuttgart,  pnblished  a  descrip- 
tion of  two  fossil  molar  teeth,  referred  by  him  to  a  warm-blooded 
quadruped*,  which  he  obt«ined  from  a  bone-breccia  in  Wiirteniberg 
occorring  between  the  lias  and  tbe  keaper.  As  the  announcement  of 
so  novel  a  fact  has  never  met  with  the  attention  it  deserved,  we  are 
indebted  to  Dr.  J&ger,  of  Stuttgart^  for  having  recently  reminded  gs 
of  it  in  his  Memoir  on  the  Fos^  Mammalia  of  Wiirtemberg.t 

Fig.  440.  represents  the  tooth  first  found,  taken  frran  the  plate  pob- 
lished  in  1847,  by  Professor  Plieninger ;  andfig.44I.iB  adrawingof 
the  same  executed  from  the  original  by  Mr.  Hermann  von  Meyer, 

•  Wurtembergljdi,  N«tnnri««eii  J»h-  ITaLCar.  1BS0, p.>OS.  TaragiiTci,M 
ndiefte,  3  Jshr.  Snutgut,  1847.  ibid.  plaM  xzi  flg*.  14,  IS,  It,  IT. 

t  Not.  Act  Acad.  Oessr.  lAopold. 
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vltich  he  bu  been  kind  enongh  to  send  me.    Fig.  442.  is  a  second 
tad  larger  molar,  copied  from  Dr.  Jitger's  pUte  Ixxi.,  fig.  15. 


ProfesBor  Flieninger  inferred  in  1847,  from  the 
double  fsnga  of  thia  tooth  and  their  nneqnal  size,  and 
&om  the  form  and  namber  of  the  protuberances  or 
cusps  on  the  flat  crowns,  that  it  vaa  the  molar  of  a 
Uunmifer ;  and  considering  it  as  predacious,  probably 
insectivorous,  he  calla  it  MicroUites,  from  /iiitpoc, 
little,  and  Xijan/c,  a  beast  of  prey.  Soon  afterwards, 
wfPiti^.itiaH  he  found  the  second  tooth,  also  at  the  same  locality, 
HO.  Fran'tifi  Diegerloch,  about  two  miles  to  the  sonth-eastof  Stutt- 
ht^.tau^vT^  K^^  Some  of  its  cuspa  are  broken,  but  there  seem  to 
have  been  six  of  them  originally.  From  its  agree- 
ment in  general  character^  it  is  supposed  by  Professor  Flieninger  to 
be  referable  to  the  same  animal,  bnt  as  it  is  four  times  as  big,  it  may 
perhaps  hare  belonged  to  another  allied  species.  This  molar  is 
attached  to  the  matrix  consisting  of  sandstone,  whereas  the  tooth, 
fig.  440.,  is  isolated.  Several  fragments  of  bone,  difiering  in  struc* 
(nre  from  that  of  the  associated  sanrians  and  fish,  and  believed  to  be 
mammalian,  were  imbedded  near  them  in  the  same  rock. 

Mr.  Waterhouse^  of  the  British  Musenm,  after  studying  the  annexed 
figs.  440, 441, 442.,  and  the  descriptions  of  Prof.  Plieninger,  observes, 
that  not  only  the  double  roots  of  the  teeth,  and  their  crowns  present- 
ing several  cusps,  resemble  those  of  HammaUa,  but  the  cingnlnm 
alsc^  or  ridge  sorrotmding  the  base  of  that  part  of  the  body  of  the 
tooth  which  was  exposed  or  above  the  gum,  ia  a  character  distin- 
gnishing  them  from  flsb  and  reptiles.  "The  arrangement  of  the 
six  cnsps  or  tubercles  in  two  rows,  in  fig.  440.,  with  a  groove  or  de- 
pression between  them,  and  the  oblong  form  of  the  tooth,  lead  him, 
he  says,  to  regard  it  as  a  molar  of  the  lower  jaw.  Both  the  teeth 
differ  ^m  thoee  of  the  Stoneefield  Mammalia,  but  do  not  supply 
sufficient  data  for  determining  to  what  order  they  belonged. 

Professor  Plieninger  has  sent  me  a  cast  of  the  smaller  tooth,  which 
exhibits  well  the  charactoristic  mammalian  test,  the  doable  fang;  bnt 
Profl  Owen,  to  whom  I  have  shown  it,  is  not  able  to  recognise  its 
affinity  with  any  mftnunnliiin  type,  recent  or  extinct^  known  to  him. 


,i^,Coo<^lc 


344  OBIGIX  or   BED  SANDSTONE  CCa-XXn. 

It  has  already  been  stat«d  that  die  atratnm  in  which  the  abort. 
mentioned  foasUs  occnr  is  intermediate  between  the  liu  and  the 
uppennoBt  member  of  the  triaa.  That  it  is  really  triasaic  mtj  i» 
deduced  &om  the  following  considerations.  In  Wiirtemberg  Iben 
are  two  "bone-beda,"  one  of  great  extent,  and  very  rich  in  & 
remains  of  fish  and  reptiles,  which  interrenes  between  the  moMbd* 
kalk  and  keuper,  the  other,  containing  the  MieroUtta,  leas  eztenara 
.and  foesiliferous,  which  rests  on  the  Iteuper,  or  snperior  member  of 
the  trias,  and  is  covered  by  the  sandstone  of  the  lias.  The  lut- 
mentioned  breccia,  therefore,  occnpies  nearly  the  same  place  as  tbe 
weU-known  English  "  bone-bed "  of  AxmonOt  and  Anst-cliff  nnt 
Bristol,  which  is  shown  above,  p.  S38.,  to  include  cbaracterinie 
species  of  mnschelkalk  fish,  of  tJie  genus  Saurichthyi,  Hybotbu,  lod 
GyroUpit.  In  both  the  Wiirtemberg  bone-beds  these  three  genera  in 
also  fonnd,  and  one  of  the  tpeeies,  Sauriehlhyt  Mougeotii,  is  cmnmoo 
to  both  the  lower  and  upper  brecciac^  as  is  also  a  remarkable  reptile 
called  Nothoiawrut  mirabUia.  The  saurian  called  Belodtm  by  E 
Von  Meyer,  of  the  Thecodont  family,  b  another  Triassic  fbn^  ano- 
ciated  at  Dtegerloch  with  MicroletUt,  .    . 

Previous  to  this  discovery  of  Professor  Flieninger,  the  moat  andat 
of  known  foasil  Mammalia  were  those  of  the  Stonesfield  slate,  ibon 
described,  p.  312.,  no  representative  of  this  class  having  as  yet  beea 
met  with  in  the  Fuller's  earth,  or  inferior  Oidit«^  nor  in  any  member 
of  the  Lias. 

Origin  <fBed  Sandttotte  and  Sock  SaiL 

We  have  seen  that,  in  various  parts  of  the  world,  red  and  mottled 
clays  and  sandstones,  of  several  distinct  geological  epochs,  are  foood 
associated  with  sall^  gypsum,  magnesian  limestone,  or  with  one  or  all 
of  these  substances.  There  is,  tiierefore,  in  all  likelihood,  a  general 
canse  for  snch  a  coincidence.  Nevertheless,  we  must  not  forget  that 
there  are  dense  masses  of  red  and  variegated  sandstones  and  days, 
thousands  of  feet  in  thickness,  and  of  vast  horizontal  extend  wholly 
devoid  of  aaliferous  or  gypseous  matter.  There  are  also  deposits  of 
gjpsum  and  of  muriate  of  soda,  as  in  llie  blue  clay  fbrmation  ti 
Sicily,  without  any  accompanying  red  sandstone  or  red  clay. 

To  account  for  deposits  of  red  mud  tmd  red  sand,  we  have  siinply 
to  suppose  the  disintegration  of  ordinary  crystalline  or  metamorphic 
schists.  Thus,  in  the  eastern  Grampians  of  Scotland,  in  the  north 
of  Forfarshire,  for  example,  the  moantains  of  gneiss,  mica-schist,  and 
clay-slate  are  overspread  with  alluvium,  derived  from  the  disinte- 
gration of  those  rocks ;  and  the  mass  of  detritus  is  stained  by  oiide 
of  iron,  of  precisely  the  same  colour  as  the  Old  Bed  Sandstone  of  tfae 
adjoining  I/owlands.  Now  this  alluvium  merely  requires  to  be  swept 
down  to  the  sea,  or  into  a  lake,  to  form  strata  of  red  sandstone  and 
red  marl,  precisely  like  the  mass  of  the  "  Old  Red  "  or  "  New  Bed  " 
systems  of  England,  or  those  tertiary  deposits  of  Auvergse  (see 
p.  199.),  before  described,  which  are  in  lilhological  characters  quite 
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undistingnuluble.  The  pebblea  of  gneiu  in  the  Eo«eiie  rod  Bftod- 
stone  of  Aaveigne  point  dearlj  to  the  rocks  from  vhich  it  hu  been 
derived.  Hie  red  colonring  matter  may,  aa  in  the  Grampians,  hare 
been  fninished  by  the  decompontion  of  hornblende  or  mica,  which 
contain  oxide  of  iron  in  large  qttai^^. 

It  ia  a  general  &ct,  and  one  not  jet  aoconnted  for,  that  scarcelj 
inj  fbeail  ramains  are  preaerred  in  stratifled  rocks  in  which  this 
oxide  of  iron  aboonds  ;  and  when  we  find  foadls  in  the  New  or  Old 
Bed  Sandstone  in  England,  it  is  in  the  gtvy,  and  nsnally  caloareons 
beds,  that  thej  occnr. 

The  gypnim  -sd  saline  matter,  oocasioaally  interatratiSed  with 
nch  red  daji  and  sandstones  of  varioos  ages,  primary,  secondary, 
snd  tertiaiy,  have  been  thooght  by  some  geologists  to  .be  of  Tolcanio 
origin.  Submarine  and  snbaerial  exhalations  often  oocor  in  regions 
of  earthquakes  and  Tolcanos  far  from  points  of  aotnal  erupti<m,  and 
chsiged  with  snlphor,  snlphuric  salts,  and  with  common  salt  or 
moriale  of  soda.  In  a  word,  such  "  eol&taras  "  are  vents  by  which 
^  the  {ffodacts  which  issne  in  a  state  of  sublimation  frmn  the  craters 
of  BctiTe  TolcanOB  obtain  a  passage  &om  the  interior  of  the  earth  to 
the  sarface.  That  soch  gaseous  emanations  and  mineral  springs, 
impregnated  with  Hm  ingredients  beforo  enumerated,  and  often  in- 
tensely heated,  .eontinoe  to  flow  out  nnaltered  in  ctwopoeition  and 
temperatnie  tea  ages,  is  well  known.  Bat  before  we  can  decide  on 
their  real  instrumentaUty  in  prodadng  in  the  course  of  agee  beds  of 
gTpsDm,  salt,  and  dolomite,  we  require  to  know  mwe  respecting  the 
chemical  changes  actually  in  progress  in  seas  where  rolcanic  agency 
is  at  work. 

The  origin  of  rock-salt,  howerer,  is  a  problem  of  so  much  intereet 
in  theoretical  geology  as  to  demand  Ute  discnssioa  of  uiother  hypo- 
tbens  advanced  on  the  snbjecti  namely,  that  which  attributes  the 
precipitation  of  the  salt  to  evaporation,  whether  of  inland  takes  or  of 
lagoons  commnnicadng  with  the  ocean. 

At  Northwich,  in  Cheshire,  two  beds  of  salt,  in  great  part  unmixed 
with  earthy  matter,  attun  the  extraordinary  thickness  ot  90  and 
even  100  fbet.  lite  upper  sarftce  of  the  highest  bed  is  very  nneven, 
forming  cones  and  irr^;nlar  flgnre&  Between  the  two  masses  then 
interveoes  a  bed  of  indurated  clay,  traversed  with  veins  of  salt, 
Hm  highest  bed  thins  off  towards  the  sonth-wes^  losing  15  feet  in 
thiekness  in  the  course  of  a  mile.*  The  horizontal  extent  of  these 
particular  nussee  in  Cheshire  and  I.ancashire  is  not  exactly  known ; 
but  the  area,  containing  s^ifbrons  days  and  sandstones,  is  supposed 
to  exceed  150  miles  in  diameter,  while  the  total  thickness  of  the 
trias  in  the  same  region  is  estimated  by  Mr.  Ormerod  at  more  than 
1700  feet  Kpple-marked  sandstone^  and  the  footprints  of  animal ri. 
before  described,  are  observed  at  so  many  levels  that  we  may  safely 
aasDme  the  whole  area  to  have  undei^one  a  alow  and  gradual  d»> 
prenion  during  the  formation  of  the  B«d  Sandstone.     ^libe  evidence 

•  Ormctwl,  Qnart.  0«(d.  Jonn.  lMS,T<d.iv.i^i7r. 


346  BUSS  OF  CUTCH.  [OB.XXU. 

of  Buch  a  movement,  wholly  indepeodeat  of  the  presence  of  alt 
itself  ia  veiy  importint  in  reference  to  the  theory  under  conaider- 

In  the  «  Principles  of  Geologj "  (chap.  27.),  I  pabUehed  a  mtp, 
fumiahod  to  me  by  the  late  Sir  Alexander  Barnes,  of  that  Bingubr 
flat  region  called  the  Eann  of  Catch,  near  the  delta  of  the  Indus, 
which  is  7000  square  miles  in  area,  or  eqoal  in  extent  to  aboat  one- 
fourth  of  Ireland  It  is  neither  land  nor  sea,  bnt  is  dry  daring  i 
part  of  every  year,  and  again  cowed  by  salt  water  daring  the 
monsoons.  Some  parts  of  it  are  liable,  after  long  interraU,  to  be 
overflowed  by  river-water.  Its  surface  supports  no  grass,  bnt  ii 
encrusted  over,  here  and  there,  by  a  layer  of  sal^  about  an  inch 
in  depth,  caused  by  the  evaporation  of  sea-water.  Certain  tracts 
have  been  converted  into  dry  land  by  upheaval  during  eartbqaskea 
since  the  commencement  of  the  present  century,  and,  is  other  di- 
rections, the  bonndaries  of  the  Runn  have  been  enlai^ed  by  ssb- 
sidence.  That  successive  layers  of  salt  might  be  thrown  down,  ona 
upon  the  other,  over  thousands  of  aqtiare  miles,  in  such  a  region,  is 
undeniable.  The  snpp^  of  brine  from  the  ocean  would  be  u  in- 
exhaustible aa  the  supply  of  heat  &om  the  son  to  canse  evaporation. 
The  only  assumption  required  to  enable  as  to  explain  a  great  tidi- 
ness of  salt  in  such  an  area  is,  the  continnancc^  for  an  indeAnile 
period,  of  a  subsiding  rooTemoDt,  the  country  preserving  all  the  tine 
a  general  approach  to  horizontality.  Pure  salt  could  only  be  foimed 
in  the  central  parts  of  basins,  ■where  no  sand  could  be  drifted  bj  the 
wind,  or  sediment  be  bronght  by  currents.  Should  the  sinking  of 
the  ground  be  accelerat«d,  so  aa  to  let  in  the  sea  freely,  and  deepen 
the  water,  a  temporary  suspension  of  the  precipitation  of  salt  wooM 
be  the  only  result  On  the  other  hand,  if  the  area  should  diy  ap^ 
ripple-marked  sands  and  the  footprints  of  anirnals  nught  be  formed, 
where  salt  had  previously  accumulated.  According  to  this  riew  tbe 
thickness  of  the  eal^  as  well  as  of  (he  accompanying  beds  of  mnd 
and  sand,  becomes  a  mere  question  of  time,  or  requires  mmplj  s 
repetition  of  similar  operations. 

Mr.  Hugh  Miller,  in  an  able  diecussion  of  tiiis  question,  refers  to 
Dr.  Frederick  Parrot's  aceount,  in  his  journey  to  Ararat  (1896),  of 
the  salt  lakes  of  Asia.  In  several  of  liieee  lakes  west  of  the  river 
Manech,  "the  water,  dnriog  the  hottest  season  irf  the  year,  isccmnd 
on  its  surface  with  a  cmst  of  salt  nearly  an  inch  tiiiek,  which  is  od- 
lected  with  shovels  into  boats.  The  crystallization  of  the  salt  is 
efiected  by  rapid  evaparation  from  the  sun's  heat  and  the  sapersators- 
tion  of  the  water  with  muriate  of  soda;  the  lake  bdng  bo  shallow  that 
the  little  boats  trail  on  the  bottom  and  leave  a  farrow  behind  them,  so 
that  the  lake  must  be  regarded  as  a  wide  pan  of  enormous  super- 
ficial extent,  in  which  the  brine  can  easily  reach  the  d^ree  (f  con- 
centration required." 

Another  traveller,  Major  Harris,  in  his  "  Highlands  of  Etbic^ns," 
describes  a  salt  lake,  called  the  Bahr  Assal,  near  tbe  Abyssiniau 
frontier,  which  once  formed  the  prolongation  of  the  Gulf  of  Ta4j>'*i 
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but  wfts  afterwards  cut  off  from  the  giilf  by  a  broad  bar  of  lava  or  of 
land  nprtused  by  an  earthquake.  "  Fed  by  no  rirera,  and  exposed  in 
1  burning  climate  to  the  anmitigated  rajs  of  the  san,  it  has  shrank 
mto  sn  elUptiol  basin,  seven  miles  in  its  transverse  axis,  half  filled 
irith  smooth  water  of  the  deepest  c<Brulian  hne,  and  half  with  a  solid 
sheet  of  glittering  snow-white  sall^  the  offspring  of  evaporation." 
"IC"  saja  JUr.  Hugh  Miller,  "we  sappose,  instead  of  a  barrier  of 
lavs,  that  sand-bars  were  raised  by  the  aarf  on  a  flat  arenaceous  coast 
during  a  slow  and  equable  unking  of  the  anrfacfv  the  waters  of  the 
outer  gnlf  might  occasionally  topple  over  the  bar,  and  supply  fresh 
brioe  when  the  first  stock  had  been  exhansted  by  evaporation."* 

We  may  add  that  the  permanent  impregnation  of  the  waters  of  a 
Urge  shallow  basin  with  sal^  beyond  the  proportion  which  is  asual 
io  the  ocean,  would  canse  it  to  be  uninhabitable  by  molluscs  or  fish,  as 
is  the  case  in  the  Dead  Sea,  and  the  muriate  of  soda  might  remain  in 
excess,  even  though  it  were  occasionally  replenished  by  irruptions  of 
the  sea.  Should  the  saline  deposit  be  eventually  submerged,  it  migh^ 
ss  we  have  seen  from  the  example  of  the  Runn  of  Cutch,  be  covered 
bj  a  freshwater  formation  containing  fluviatile  organic  rentains ;  and 
b  this  way  the  apparent  anomaly  of  beds  of  sea-salt  and  clays  devoid 
of  marine  fossils,  alternating  with  others  of  freshwater  origin,  may  be 
explained. 

Dr.  G.  Bnist,  in  a  recent  commnnication  to  the  Bombay  Geographical 
Society  (vol  ix.),  has  asked  how  it  happens  that  the  Red  Sea  shoutd  not 
exceed  tiie  open  ocean  in  saltness,  by  more  than  -^Qi  per  cenb  The 
Red  Sea  receives  no  supply  of  water  from  any  quarter  save  through 
the  Steuts  of  Babehuandeb ;  and  there  is  not  a  single  river  or  rivulet 
flowing  into  it  from  a  circuit  of  4000  miles  of  shore.  The  countries 
around  are  all  excessively  sterile  and  arid,  and  composed,  for  the 
most  par^  of  burning  deserts.  From  the  ascertained  evaporation  in 
the  sea  itself  Dr.  Bnist  computes  that  nearly  8  feet  of  pure  water 
must  be  carried  off  from  the  whole  of  its  surface  annually,  this  being 
probabtyeqnivalent  to  y^th  part  of  its  whole  volume.  The  Bed  Sea. 
therefore,  ought  to  have  1  per  cent  added  annually  to  its  saline  con- 
tents; and  as  these  constitnte  4  per  cent  by  weight,  or  2^  per  cent 
in  volume  of  its  entire  mass,  it  ought,  assuming  the  average  depth  to 
be  800  feet,  which  is  supposed  to  be  far  beyond  the  truth,  to  have 
been  converted  into  <me  solid  salt  formation  in  less  than  8000  years.! 
Does  the  Bed  Sea  receive  a  supply  of  water  fWim  the  ocean,  throagh 
the  narrow  Straits  of  Babelmandeb,  sufficient  to  balance  the  loss  by 
evaporation  ?  And  is  there  sn  undercurrent  of  heavier  saline  water 
anniully  flowing  outwards  ?  If  not,  in  what  manaer  is  the  excess  of 
salt  dispoaed  of?  An  investigation  of  this  subject  by  our  nautical 
Gurvejors  may  perhaps  aid  the  geologist  in  framing  a  true  theory  of 
the  origin  of  rock-salt 
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0»  tke  New  Bed  Sandibme  o/Oe  ValUy  of  the  Cotmtclieia  Riwr  » 
the  Uniitd  Statet. 

In  a  deprearaoD  of  the  gnnitic  or  hjpogene  rocka  in  iba  SUtet  of 
Hassocboutts  and  Connecticut,  etnta  of  red  umdatone,  shale,  ind 
conglomerate  are  found  occupflDg  an  area  more  than  ISO  milea  in 
length  from  north  to  south,  and  about  5  to  10  miles  in  breadth,  Ifce 
beds  dipping  to  the  eastward  at  angles  varying  from  5  to  50  degrea. 
The  extreme  inclination  of  £0  degrees  is  rare,  and  onlj  observed  in 
the  neighbonrhood  of  masaea  of  trap  which  have  been  intruded  islo 
the  red  saadstone  while  it  was  forming,  or  before  the  newer  parti  of 
the  deposit  had  been  completed.  Having  examined  this  series  of 
Tockfl  in  manj  places,  I  feel  satisfied  that  thej  were  formed  in  sbalknr 
water,  and  for  the  most  part  near  the  ehore,  and  that  scone  of  lbs 
beds  were  from  time  to  tiioe  raised  above  tJie  level  of  the  water,  and 
laid  dry,  while  a  newer  series,  composed  of  similar  sediment  wu 
forming.  The  red  flags  of  thin-bedded  sandstone  tere  often  ri[^ 
marked,  and  exhibit  on  their  under-aides  casta  of  cracks  formed  in 
the  underljring  red  and  green  shales.  These  last  must  have  Bhranlc 
by  drTing  before  the  tand  was  spread  over  them.  On  Bomedulssof 
the  finest  texture  impressions  of  rain-dropa  may  be  seen,  and  caitiof 
them  in  the  incombent  argillaceous  sandstones.  Having  observed 
similar  markings  produced  by  showers,  of  which  the  precise  date  wit 
known,  on  the  recent  red  mud  of  the  Bay  of  Fundy,  and  eaiti  in 
relief  of  the  same  on  layers  of  dried  mnd  thrown  down  by  mbieqnait 
tides*,  I  feel  no  doubt  in  regard  to  the  origin  of  some  of  the  aneiait 
Connecticut  impressiong,  I  have  also  seen  on  the  mud-flats  of  the 
Say  of  Fundy  the  footmarks  of  birds  (  Triitga  mwwta^  which  duly 
run  along  the  borders  of  that  estuary  at  low  water,  and  which  1  have 
described  in  my  IVavels-f  Similar  layers  of  red  mnd,  now  haideaed 
and  compressed  into  shal^  are  laid  open  on  the  banks  of  the  Coobsc- 
tJcut,  and  retftin  faithfully  the  impressions  and  casta  of  the  feet  of 
numerous  birds  and  reptiles  which  walked  over  them  at  the  time  wboi 
they  were  deposited,  probably  tn  the  Triassic  Period. 

According  to  Professor  Hitchcock,  the  footprints  of  no  less  thta 
thirty-two  ^ecies  of  bipeds,  and  twelve  of  quadmpeds,  have  been 
already  detected  in  these  rocks.  Thirty  of  these  are  believed  to  be 
those  of  birds,  four  of  Utards,  two  of  chelonians,  uid  six  of  batraduank 
Ibe  tracks  have  been  found  in  more  than  twenty  placM,  setttered 
through  an  extent  of  nearly  80  nules  from  north  to  south,  and  they  are 
repeated  threugh  a  succession  of  beds  attaining  at  some  pcunla  a 
thickness  of  more  than  1000  feet,  which  mi^  have  been  thoojandi  of 
years  in  forming.  { 

As  considerable  scepticism  is  natorally  entertained  in  regard  to 

*  Principle*  of  Qeologj,  Oth  ed.  X  Bitdieoik,  Vaa.  (/  Aimr.  Ac^. 
P.J03.  *•      "  ■   ■•■ 

t  Traveb  in  ITorth  Ameriei,  vol  ii. 
p.  leB. 
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the  nature  of  the  erideDoe  deriTed  frran  footprinti,  it  mtj  be  well  to 
eniunerate  some  iacts  respecting  them  on  which  the  &ith  irf  the  geo- 
logist maj  re§fc  When  I  Tinted  the  United  States  in  1842,  more 
than  2000  impregsions  had  been  obseryed  by  Professor  Hitchcock", 
in  the  distriet  alluded  to,  and  all  of  them  were  indented  on  the  upper 
surface  of  the  layers,  while  the  oorresponding  casts,  standing  out  in 
relief  were  always  on  the  lower  snifaces  or  planes  of  the  strata.  If 
we  follow  a  single  line  of  marks  we  find  them  uni- 
form  in  size,  and  nearly  nnifbrm  in  distance  btaa 
each  other,  the  toes  of  two  succeasiTe  footprints 
turning  alternately  right  and  left  (see  fig.  443.). 
Such  single  lines  indicate  a  biped;  and  there  is 
generally  such  a  deviation  &om  a  straight  line^  in 
Miy  three  successive  prints,  as  we  remark  in  the 
tracks  left  by  birds.  There  is  also  a  striking  rela- 
tion between  the  distance  separating  two  footprints 
in  one  series  and  the  size  of  the  impressions ;  in 
other  words,  an  obvious  proportion  between  the 
length  of  the  stride  and  the  dimension  of  the 
creature  which  walked  over  the  mnd.  If  the  marks 
are  small,  they  may  be  half  an  inch  asunder)  if 
gigantic,  as,  for  example,  where  the  toes  are  20 
inches  long,  they  are  occasionally  4  feet  and  a  half 
apart  The  bipedal  impressions  are  for  the  most 
part  trifld,  and  show  the  same  number  of  joints  as 
eiist  in  the  feet  of  living  tridactylous  birds.  How, 
such  birds  have  three  phalangeal  bones  for  the 
inner  toe,  four  fbr  the  middle,  and  five  for  the  onter 
one  (see  fig.  448.) ;  but  the  impression  of  the  ter- 
minal joint  is  that  of  the  nail  only.  The  fbseil 
footprints  exhibit  regularly,  where  the  joints  are 
seen,  the  same  number;  and  we  see  in  each  ccm- 
rucpiiiib  of  1  bftd.  tinnons  line  of  tracks  the  tfiree-jointed  and  five- 
W  or  iha  c^ncc  joiutcd  toes  placed  alternately  outwards,  first  on  the 
i^.  'iHn.^Ir  one  side  and  then  on  the  other.  Tn  some  specimens, 
AiHr.AaiLnii.it.  ijegj^  impressions  of  the  three  toes  in  front,  the 
rudiment  is  seen  of  the  fourth  toe  behind.  It  is 
not  often  that  the  matrix  has  been  fine  enongh  to  retain  impree- 
sions  of  the  integument  or  skin  of  the  foot ;  bnt  in  one  fine  specimen 
fbnnd  at  Turner's  Falls  on  the  Connecticut,  by  Dr.  Deane,  these 
markings  are  well  preserved,  and  have  been  recognized  by  Frof  Owen 
u  resembling  the  skin  of  the  osbich,  and  not  that  of  reptiles,  'f'  Much 
care  is  required  to  ascertain  the  precise  layer  of  a  laminated  rock  on 
which  an  animal  has  walked,  because  the  impression  nsnaUy  extends 
downwards  throngk  several  laminee ;  and  if  the  upper  layer  originally 


*  See  (lio  Mem.  Amer.  Ac.  voL  lii.  bird  oT  a  iIm  it 
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Irodden  upon  is  wanting,  the  m&rlc  of  one  or  more  joints,  or  even  in 
Bome  cases  an  entire  toe,  which  sank  leu  deep  into  the  eoft  ground, 
joay  disappeai.  and  ^et  the  remainder  of  the  footprint  be  wdl 
defined. 

The  size  of  Beveral  of  tbe  fossil  impreguons  of  the  ConneeticDt  red 
Bandfitone  so  far  exceeds  that  of  any  Uving  ostrich,  that  natontlisti  at 
first  were  Bxtremoly  adTerse  to  the  opinion  of  their  having  beeo  nude 
bj  birds,  ontil  the  bones  and  almost  entire  skeleton  of  Uie  DiMonut 
and  of  other  feathOTcd  giants  of  New  Zealaod  were  discovered.  Thar 
dimensions  have  at  least  destroyed  tlie  force  of  this  particular  ob- 
jection. The  magnitude  of  Uie  impressiODS  of  the  f^  of  a  beary 
animal,  which  has  walked  on  enft  mnd,  increaaos  for  some  disttnu 
below  the  sntfaoe  originally  trodden  upon.  In  order,  therefor^  tt> 
guard  against  exaggeration,  the  casts  rather  than  the  mould  m 
relied  on.  These  casts  show  that  some  of  the  fossil  bipeds  had  feet 
four  times  as  large  as  the  ostrich,  but  not  perhaps  mncb  larger  tboi 
the  Dinomu. 

The  eggs  of  uiother  gigantic  bird,  called  .^piomii,  which  his 
probably  been  exterminated  by  man,  hare  recently  been  discorered 
in  an  iUlnvial  deposit  in  Madagascar.  The  ^g  has  six  times  tbe 
capacity  of  that  of  the  ostrich  ;  but^  judging  from  the  large  siie  U 
the  egg  of  the  Apterix,  Prof.  Owen  does  not  believe  that  the  jEjAirm 
exceeded,  if  indeed  it  equalled,  the  Dinomu  in  stature. 

Among  the  supposed  bipedal  tracks,  a  single  distinct  example  lalj 
has  been  observed  of  feet  in  which  there  are  four  toes  directed  fn- 
wards.  In  this  case  a  series  of  four  footprints  is  seen,  each  H 
inches  long  and  12  wid^  with  joints  much  resembling  those  in  tk 
toes  of  birds.  Professor  Agassiz  has  suggested  tiiat  it  might  hin 
belonged  to  a  gigantic  bipedal  batrachian.  Other  naturalists  htre 
called  our  attention  to  the  fltct,  that  some  quadrupeds,  when  walkings 
place  the  hind  foot  so  precisely  on  the  spot  just  quitted  by  theibn 
foot,  as  to  produce  a  single  line  of  imprints,  like  those  of  a  Upcd; 
and  Mr.  Waterhouse  Hawkins  has  remarked  that  certain  tftaa  of 
frogs  and  lisards  in  Australia  have  the  two  outer  toes  so  sli^lt]' 
developed  and  so  much  raised  that  they  might  leave  tridact^ou 
footprints  on  mnd  and  sand.  Another  osteolc^t,  Dr.  Leidy,  in  tto 
United  States,  observed  to  me  that  the  pterodactyl  was  a  tnpedil 
reptile  approaching  the  bird  so  nearly  in  the  structure  and  ships  tl 
its  wing-bones  and  tibia^  that  some  of  these  last,  obtained  Gram  tb 
.  Chalk  and  Wealden  in  England,  had  been  mistaken  by  the  higheit 
authorities  for  true  birds'  bones.  May  not  the  foot,  tlierefore,  of  > 
pterodactyl  have  equally  resembled  Uiat  of  a  bird  ?  Be  this  sa  it 
may,  the  greater  number  of  the  American  impressions  igiee  » 
precisely  in  form  and  sise  with  the  footmarks  of  known  liTing 
birds,  especially  with  those  of  waders,  that  we  shall  act  most  in 
accordance  with  knows  analogies  by  referring  most  of  than  U 
present  to  feathered,  rather  than  to  featherless  bipeds. 

No  bones  have  as  yet  been  met  with,  whether  of  pterodactyl  or 
bird,  in  the  rocks  of  tike  Connecticut,  but  there  are  numerons  eojfo- 
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lites ;  and  «n  ragenions  ugument  has  been  derived  by  Dr.  Dank  from 
the  MialysiB  of  these  bodies,  aod  the  proportioa  they  cootain  of  nric 
acid,  pboephate  of  lime,  carbonate  of  lime,  and  organic  matter,  to 
abow  that,  like  guano,  tbej  are  the  droppings  of  birds,  rather  than  of 
reptiles. 

Some  of  the  quadrupedal  footprints  vhich  accompany  those  of  birdg 
are  analogous  to  European  Cheirotheria,  and  with  a  similar  dispro- 
portion between  the  hind  and  for»  feet  Others  resemble  that  re- 
markable reptile,  the  S&yneotavrut  of  the  English  Trias,  a  creature 
having  some  relation  in  its  osteology  both  to  cheloniana  and  birds. 
Other  imprints,  again,  are  like  those  of  tortles. 

Mr.  Duwin,  in  his  "  Journal  of  a  Voyage  in  the  Beagle,"  informs  as 
that  the  "  South  American  ostriches,  although  they  live  on  vegetable 
matter,  such  as  roots  and  grass,  are  repeatedly  seen  at  Bahia  Blanca 
(lat  39°  S.\  on  the  coaat  of  Buenos  Ayres,  coming  down  at  low 
water  to  the  extensive  mud-banks  which  are  then  drf,  for  the  sake, 
as  the  Gauchos  say,  of  feeding  on  small  fish."  They  readily  take  to 
tiie  water,  and  have  been  seen  at  the  bay  of  San  Bias,  and  at  Fort 
Valdez,  in  Patagonia,  swimming  from  island  to  island.*  It  is  there- 
fore evident  that  in  oar  times  a  South  American  mud-bank  might 
be  trodden  Bimultaneonsly  by  ostriches,  alligators,  tortoises,  and 
frogs;  and  the  impressions  lefl^  in  the  nineteentli  century,  by  the 
feet  of  these  various  tribes  of  animals,  would  not  differ  from  each 
other  more  entirely  than  do  those  attributed  to  birds,  saurians, 
chelonians,  and  batrachians  in  the  rocks  of  the  Connecticut 

To  determine  the  exact  age  of  the  red  sandstone  and  shale  con- 
tuning  these  ancient  footprints  in  the  United  States,  is  not  possible 
at  present  No  fossil  sh^  have  yet  been  found  in  the  deporit^  nor 
plants  in  a  determinable  state.  The  fossil  fish  are  numerous  and 
very  perfect ;  bnt  they  are  of  a  peculiar  type,  which  was  originally 
referred  to  the  genus  Palaonitcit*,  but  has  since,  with  propriety, 
been  ascribed,  by  Sir  Philip  Egerton,  to  a  new  genus.  To  Uiis  he 
has  given  the  name  of  bchyplervt,  from  the  great  sixe  and  strength 
of  the  folcral  rays  of  the  dorsal  fin  (from  layyt,  strength,  and  *Ttpor, 
a  fin).  They  differ  from  PaiiBonitetu,  as  Hr.  Bedfield  first  pointed 
on^  by  having  the  vertebr^  column  prolonged  to  a  more  limited 
extent  into  the  upper  lobe  of  the  taU,  or,  in  the  language  of  M. 
Agassiz,  they  are  less  heterocercaL  The  teeth  also,  according  to  Sir 
P.  Egerton,  who,  in  1844,  examined  for  me  a  fine  series  of  specimens 
which  I  procured  at  Durham,  Connecticut,  difier  fr«m  those  of 
J^xlisonucut  in  being  strong  and  conical. 

That  the  sandstones  containing  these  fish  are  of  older  date  than 
the  strata  contuning  coal,  before  described  (p.  831.)  as  occurring  near 
Bicfamond  in  'Virginia,  is  highly  probat)le.  These  were  shown  to  be 
as  old  at  least  as  the  oolite  and  lias.  The  higher  antiquity  of  the 
Connecticnt  beds  cannot  be  proved  by  direct  superposition,  but  may 
be  presumed  from  the  general  stmcture  of  the  country.     That 

*  Journal  of  Tojage  of  Beagle,  &&  Sd  edition,  p.  69.  IB45. 
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strnctara  prgree  them  to  be  newer  thui  the  morements  to  which  the 
Appalachiui  or  Alleghanj  chain  owes  its  flexnrei,  and  this  chim 
includes  the  aneirait  coal-fbrauktion  among  its  contorted  roclu.  Ihe 
unoonfonnable  pomtioD  of  this  New  Bat  with  omiUuchnitca  oa  the 
edges  of  lite  inclined  primary  or  paleozoic  rocka  of  the  Appalachiuu 
iaReenat4.oftheMCtion,  fig.  505.  p.  392.  '  The  abaenoe  of  Sah  witb 
decidedly  heterocercal  laila  may  afford  aA  argument  against  the 
Pennian  age  of  the  formation ;  a/td  the  opinioQ  that  the  red  wndium 
is  triassic,  seems,  on  the  whol^  the  best  that  we  caa  f°"^^^^"  in  the 
present  state  of  our  knowledge. 
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CH&PTEB  TTYTIT. 

.TESIBAX  OB  XAQSESUX  LDCBSTONX  OSOUF. 

FoNili  of  IbgDMiaii  limeMooo  aad  loim  Kew  E«d  disliiMt  fi«B  tlw  TnMtic — 
TsmPeniiaii — "'■^"gii't'  and  Qcmun  equT&leiiH  —  Uuini  ihelli  and  corala  of 
E^di  Magntriwi  limeNODA— Falnmuciu  uid  other  fiih  of  the  marl-ikte — 
HMCodmrt  Saurian*  of  dol<anilic  ixnglomeraCe  of  firiuol  —  Zcchuein  and  Both' 
Uqwdai  of  lliiiringfa — Permian  n<ra — It*  generic  affini^  to  the  Caiboni* 
fotnt — Plaioiuta  or  treo-fenu, 

W&n  the  nee  of  tlie  tenn  "Poikilitic  "  iras  expbuned  in  ths  but 
chapter,  I  stated,  tluit  in  aome  parts  of  Elngland  it  is  ecarcelj  poasiUe 
to  aepante  the  red  marld  and  undatoiies  so  cftUed  (originaUjr  named 
"iheNew  Bed")  into  two  distinct  geological  systems.  NBTertheleaa, 
the  pragresa  of  investigation,  and  a  careful  comparison  of  EngUsh 
rocks  between  the  lias  and  the  coal  with  those  occapying  a  similar 
geolt^ical  positioD  in  Germany  and  BnsBii,  have  enabled  geologists 
to  divide  the  Poikilitic  formaticm ;  and  has  even  shown  that  the 
lovennost  of  the  two  divisions  is  more  closely  connected,  by  its  foaail 
remainf^  with  the  carboniferous  group  than  with  the  trias.  I^ 
therefore,  we  are  to  draw  a  line  between  the  secondary  and  primary 
foggjliieroos  strata,  as  between  the  tertiary  and  secondary,  it  must 
ran  through  the  middle  of  what  was  once  called  the  "  New  Bed,"  or 
Poikilitic  group.  The  inferior  half  of  this  group  will  rank  as 
l^rinuuy  or  Paleozoic,  while  its  uppw  member  will  form  the  base  of 
the  Secondary  series.  For  the  lower,  or  Msgnesian  Limestone  di- 
Tition  of  English  geologists.  Sir  B.  Uurchison  prt^iosed,  in  1841,  the 
nsme  of  Permian,  &am  Fem^  a  Busraan  government  where  these 
itnta  are  more  extensively  developed  than  elsewhere,  occupying  an 
area  twice  the  size  of  France,  and  containing  an  abundant  and  varied 
eoite  of  fossils. 

Pro£  King,  in  his  valuable  monograph*  of  the  Permian  fossils  of 
England,  has  given  a  table  of  the  following  six  members  of  the  Per- 
miui  system  of  the  north  of  England,  with  what  he  concaves  to  be 
the  crareepooding  formations  in  Thnringia. 

Nanb  of  Boiriuii).  Tlmrlii4li. 

L  CiTrtalluie  oi  concretionar;,  and  1.  Scinkitein. 

noD-ciyttaUine  limenone. 

3.  Bceedated  and  paendo-hrecdated  a.  Sanchwaoke. 


3.  Fooiliferona  liDMstime.  3.  Dolomite,  or  Upper  Z«rii*t«jn, 

*.  Compact  limMODB.  4-  Zeciattia,  or  Lower  ZeciaUia. 

i.  Hari^lala  k  Mergel-tidiieftr,  or  Kap&neliiebr. 

fl.  loftriof  aanditones  of  vaiiooa  go*  G.  Bothliegendes, 


■  F«l«ont(^ntphicaI  Sodetf,  IB50, 1«ndon, 
A  A 
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I  shall  proceed,  therefore,  to  treat  hrieflj  of  thete  nibdiriuoa), 
begumiug  with  the  highest,  and  referring  the  reader,  for  a  foUer 
description  of  the  lithological  character  of  the  irhole  group,  u  it 
occurs  in  the  north  of  Enghuid,  to  a  valuable  memoir  bj  Professor 
Sedgwick,  published  in  1835.* 

CryttalUtu  or  etuteretionary  Umttlone  (No.  1,).  —  This  formatiafi 
is  seen  apon  the  coast  of  Durham  and  Yorkshire,  between  the  Wear 
and  the  Tees.  Among  its  characteristic  fossils  are  Sc/uxodtu  ScUc 
lAeimi  (flg.  444.).  and  Mytiltu  t^ptifer  (fig.  446.). 


These  shells  occur  at  Hartlepool  and  Sunderland,  where  the  rock 
assumes  an  oolitic  and  botroidal  character.  Some  of  the  beds  in  tfaii 
dlTision  are  ripple-marked ;  and  Mr.  Eing  inures  that  the  absenct 
of  corals  and  the  character  of  the  shells  indicate  shallow  water.  In 
some  parts  of  the  coast  of  Darham,  where  the  rock  is  not  crTStaDiae, 
it  contains  as  mnch  as  fortj-four  per  cent  of  carb(»iat«  of  magnet 
mixed  with  carbonate  of  lime.  In  other  places, — for  it  is  extremelj 
variable  in  structure,  —  it  consists  chiefly  of  carbonate  of  lime,  and 
has  concreted  ioto  globular  and  hemispherical  masses,  varying  from 
the  si^e  of  a  marble  to  that  of  a  cannon-ball,  and  radiating  &tHn  the 
centre.  Occasionally  earthy  and  pulverulent  beds  pass  into  compact 
limeetone  or  hard  granular  dolomite.  The  stratification  is  veiy 
irregular,  tn  some  places  well-defined,  in  otiiers  obliterated  fay  the 
concretionary  action  which  has  re-arranged  the  materials  of  the  rocks 
subsequently  to  their  original  deposition.  Examples  of  this  are  seen 
at  Pontefract  and  Kipon  in  Yorkshire 

The  breeeiated  limeitotie  (No.  2.)  contuns  no  fragments  of  foreign 
rocks,  but  seems  composed  of  the  breaking-up  of  the  Permian  lime- 
stone itself  about  the  dme  of  its  cousoLidation.  Some  of  the  angular 
masses  in  l^nemouth  Cliff  are  2  feet  in  diameter.  This  breccia 
is  considered  by  Professor  Sedgwick  as  one  of  the  forms  of  the 
preceding  limestone,  No.  1.,  rather  than  as  regularly  underlying  it. 
The  fragments  are  angular  and  never  water-worn,  and  appear  to 
have  been  re-cemented  on  the  spot  where  they  were  formed.  It  i* 
tlierefore,  su^^ted  that  they  may  have  been  due  to  those  intenial 
movements  of  the  mass  which  produced  the  concretionaiy  stmcture ; 
but  the  subject  is  very  obscure,  and  after  studying  the  phenomenoD 
in  the  Uarston  Rocks,  on  the  coast  of  Durham,  I  found  it  impoasiUe 

*  Ttaim.  OtoV  Soc  Loud.,  Second  Series,  toL  iiL  p.  sr. 
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to  fonn  anj  poBitire  opinion  on  tha  subject  The  well-known  brec- 
(itted  limestones  of  the  Pyrenees  appeared  to  me  to  present  the 
nearest  analogj,  but  on  &  much  smaller  scale. 

The  foitUiferom  limeitone  (Na  8.)  is  regarded  hj  Mr.  King  as  "k 
deep-water  formation,  from  the  numerous  delicate  bryozoa  which  it 
includes.     One  of  these,  FenetUlla  reliformU  (ftg.  447.),  is  a  very 


M^fiMaUxi  IbnstoDa,  HoiabLAOD  Hill.  n«u  SuDdtrlud.* 

variable  species,  and  has  received  many  different  names.  It  some- 
times attains  a  large  size,  meaearing  8  inches  in  width.  The  same 
zoophyte,  or  rather  molluak,  with  several  other  British  spedes,  is 
also  fonnd  abundantly  in  the  Fermisn  of  Germany. 

Shells  of  the  genera  J^vductut  (fig.  448.)  and  Slrophalotia  (the 
latter  an  allied  form  with  teeth  in  the  hinge),  which  do  not  occur  in 


(tBCllUllDI  F.  CUffU.  SoH.J 

-        -)uih>n.iiiHifiiKlin 

c)ul«1d   ud    Kupfar- 

stntta  newer  than  the  Permian,  are  abundant  in  this  division  of  the 
series  in  the  ordinary  yellow  mognesian  limestone.  They  are  accom- 
panied by  certain  species  of  ^irifer  (fig.  449,),  and  other  hrachiopoda 
of  the  true  primary  or  paleozoic  type.  Some  of  this  same  tribe  of 
shells,  such  as  Alhyria  Roistyi,  allied  to  Terebratida,  are  specifically 
the  same  as  fossils  of  the  carboniferous  rocks.  Avieula,  Area,  and 
Sehizodua  (see  above,  figs.  444,  445,  446.),  and  other  lamellibran- 
chiate  bivalves,  are  abundant,  but  spiral  nnivalTes  are  very  rare. 

The  compact  Umestane  (No.  4.)  also  contains  organic  remains, 
especially  bryozoa,  and  is  intimately  connected  with  the  preceding. 
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Beneath  it  liee  the  ntarUilaU  (No.  6.),  which  comiate  of  hird,  etl- 
careous  shales,  marl-slate,  and  thin-bedded  limestones.  At  £ut 
Thickley,  in  Durham,  where  it  is  thirty  feet  thick,  this  slate  hu 
yielded  many  fine  specimens  of  fossil  fish  of  the  genwa  PiAxmutinit, 
I)/gopUru$,  Cfdaeantkut,  and  Flab/tomiu,  genera  which  are  all 
found  in  the  coal-meaeurea  of  tbe  carboniferoas  epoch,  and  idiidi 
therefore^  says  Hr.  King,  prohahly  Uved  at  no  great  distance  from 
the  shore.  Bnt  the  Permian  species  are  peculiar,  and,  for  the  meet 
par^  identical  with  those  found  in  the  marl-elate  or  copper-slale  of 
Thnringia. 


lUrtond  BBtUu 


The  Palteonueus  above  mentioned  belongs  to  that  dlTistao  <^ 
fishes  which  M.  Agassiz  has  called  "  Heterocn^ul,"  which  have  thdr 
tails  unequally  hilobate,  like  the  recent  shark  and  sturgeon,  aad  the 
vertebral  column  running  along  the  upper  caudal  lobe.  (See  fig- 
451.)      The   "Homocercal"  fish,   which  comprise  almost  all  the 


8000  species  at  present  known  in  the  living  creation,  have  the  tsU' 
fin  either  single  or  equally  divided ;  and  the  vertebral  ct^umn  slops 
shorty  and  is  not  prolonged  into  either  lobe,     (See  fig.  452.) 

Nmr  it  is  a  singular  fact,  first  pointed  ont  by  Agassix,  that  the 
heterocercal  form,  which  is  confined  to  a  small  nnmber  of  genera  in 
the  existing  creation,  is  universal  in  the  Magnesian  litneston^  and 
all  the  more  ancisit  fonnations.  It  charooterizee  the  earlier  pcnod> 
of  the  earth's  history,  when  the  organisation  of  fishes  made  a  gnster 
approach  to  that  of  saurian  reptiles  than  at  later  epochs.  Li  all  the 
strata  above  the  Magnesian  limestone  the  homocercal  tail  pre- 
dominates. 

A  full  description  has  been  given  by  Sir  Philip  Egerton  of  the 
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species  of  fisli  chAncteristic  of  tbe  m&rl-fllate,  in  Prof.  Sng's  mono- 
grqih  befi)re  referred  to^  where  flguree  of  the  ichthyolites,  which  are 
Teij  entire  tmd  well  preserved,  will  be  found.  Even  4  tingle  ecale 
ii  oaoallj  so  characteriaticallf  nuirked  u  to  indicate  the  genns,  and 
sometimes  eren  the  particular  species.  They  are  often  scattered 
tbroDgh  the  beds  singly,  and  may  be  useful  to  a  geologist  in  de- 
tennining  the  age  of  the  rock. 


llie  i^trior  sanditotieM  (No.  6.  Tab.  p.  3S3.),  which  lie  beneath 
the  mu-l-slate,  consist  of  sandstone  and  sand,  separating  the  mag- 
neaian  limestone  &om  the  coal,  in  Torkshire  and  Dorhain.  In  some 
uulauces,  red  marl  and  gjpsam  hare  been  found  associated  with  these 
Iwdi.  Iliey  hare  been  claased  with  the  magnesian  limestone  by 
Prrfewor  Se^wick,  as  being  nearly  co-eitensiTe  with  it  in  geogra- 
^ucal  range,  though  their  relations  are  very  obscnre.  In  some 
^e^fi  we  find  it  stated  that  the  imbedded  plants  are  all  specifically 
"^tical  with  thoee  of  the  carboniferous  series ;  and,  if  so,  they 
piobsbly  belong  to  that  epoch  ;  for  the  true  Permian  flora  appears, 
frna  the  researches  of  MM.  Murchison  and  de  Yemenil  in  Boasia, 
'nd  of  Colonel  von  Gutbier  in  Saxony,  to  be,  with  few  exceptions, 
dirtinct  from  that  of  the  coal  (see  p.  359.). 

iit'iomitw  eonglmmeraU  of  SriHoL — Near  Bristol,  in  Somersetshire, 
SM  in  other  counties  bordering  the  Severn,  the  unconformable  beds  of 
uw  Lower  New  Red,  resting  immediately  upon  the  Coal-measures, 
^""^  of  a  conglomerate  c^ed  "  dolomitic,"  because  the  pebbles  of 
older  rocks  are  cemented  together  by  a  red  or  yellow  base  of  dolomite 
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or  magneaian  limestoDe.  This  conglomerate  or  breccia,  for  the  im- 
bedded fragments  are  BometimeB  angular,  occurs  in  patches  orer  tlw 
whole  of  the  downs  near  Bristol,  filling  up  tlie  hollowa  and  irregu- 
larities in  the  mountain  limestone,  and  being  principallj  composed 
at  every  spot  of  tbe  debris  of  those  rocks  on  which  it  immedistelj 
rests.  At  one  point  we  find  pieces  of  coal-shale,  in  another  of 
mountun  limestone,  recognizable  hj  its  peculiar  shells  and  EoophTtes. 
Fractured  bones,  also,  and  teeth  of  sauriaos  are  dispersed  through 
some  parts  of  the  breccia. 

These  saurians  (which  until  the  discovery  of  the  Archtgoimmu 
in  the  coal  were  the  most  tmcient  examples  of  fossil  reptiles)  are  sll 
distinguished  by  baring  the  teeth  implanted  deeply  in  the  jaw-bine, 
and  in  distinct  sockets,  instead  of  being  soldered,  as  in  frogs,  to  s 
dmple  alveolar  parapet  In  the  dolomitic  conglomerate  near  Bristol 
the  remiuns  of  species  of  two  genera  have  been  found,  called  Tlueo- 
dorUotaunu  and  Palaosaunu  by  Dr.  Riley  and  Mr.  Stutcbbai;*; 
the  teeth  of  which  are  conical,  compressed,  and  with  finely  eemied 
edges  (figs.  4S9  and  460.). 

THtfa  oT SurUu.    DolamUkaafloBkenta;  S«dUiid,Bau  BrMol.' 
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Sir  Henry  de  la  Beche  has  shown  that,  in  consequence  of  ibe 
isolated  position  of  the  breccia  containing  these  fossils,  it  is  very 
difficult  to  determine  to  what  precise  part  of  the  Foikilitio  series  they 
belong.f  Some  observers  suspect  them  to  be  triassic;  bot^  until  the 
evidence  in  support  of  that  view  is  more  conclusive,  we  may  con- 
tinue to  hold  tbe  opinion  of  their  original  discoverers. 

In  Russia,  also,  Thecodont  saurians  of  several  genera  occur,  io 
beds  of  the  Permian  age,  while  others,  named  Protoro»aunu,  are  met 
with  in  the  Zechstein  of  Thuringia.  This  family  of  reptiles  is  allied 
to  the  living  monitor,  and  its  appearance  in  a  primary  or  paleozoic 
formation,  observes  Prof.  Owen,  is  opposed  to  the  doctrine  of  tl« 
pn^ressive  development  of  reptiles  from  fish,  or  from  simpler  to  mew 
complex  forms ;  for,  if  they  existed  at  the  present  day,  these  mtmitivs 
would  take  rank  at  the  head  of  the  Lacertian  order,  f 

We  learn  from  the  writings  of  Sir  R,  Murchison§  that  in  Rnaia 
tbe  Permian  rocks  are  composed  of  white  limestone,  with  gypsnm  sad 

•  QeoL  Trani,  Second  Series.  toL  t.  J  Oi^^  Beport  on  BeptOei,  Briiai 

p.  349^  pUte  89    fipu^  3.  ud  5.  Awoc,  Ek^nth  MoeHng.^il.  p.  1»7. 

t  Mumoiii  of  GeoL  SarrBy  of  Great  $  Buna  and  ilie  Ural  Monnuiai, 

Bntam,  toL  L  p.  268.  I8is  ;  and  Silnria,  etxiL  I8S4. 
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white  Mit  t  <tnd  of  red  uid  green  grita,  occuion&Uj  with  copper-ore ; 
iJso  nugnesian  limestonea,  marUtoneB,  and  conglomerates. 

The  country  of  Manafeld,  in  Thuringia,  may  be  called  the  claarac 
ground  of  the  Lower  New  Bed,  or  Magnesian  Limestone,  or  Permiao 
fbimation,  on  the  Continent.  It  consists  there  principally  of,  first, 
the  Zechatein,  oorTeapouding  to  the  apper  portion  of  our  English 
series;  and,  secondly,  the  marl-slate,  with  fish  of  species  identical 
wiih  those  of  the  bed  so  called  in  Durham.  This  slaty  marUtone  is 
richly  impregnated  with  copper-pyrites,  for  which  it  is  extensively 
worked.  Uagneoian  limestone,  gypsiun,  and  rock-salt  occur  among 
the  superior  strata  of  this  group.  At  its  base  lies  the  Rothliegende^ 
rapposed  to  correspond  with  the  Liferior  or  Lower  New  Bed  Sand- 
sUtae  aboTO  mentioned,  which  occupies  a  similar  place  in  England 
between  the  marl-slate  and  coaL  Its  local  name  of  "  Bothliegendes," 
Ttd-lj/er,  or  "  Botb-todt-liegendes,'*  red-dead'fyer,  was  given  by  the 
workmen  in  the  German  mines  From  its  red  colour,  and  because  the 
copper  has  ditd  out  when  they  reach  this  rock,  which  is  not  metal- 
liferous. It  is,  in  &ct,  a  great  deposit  of  red  sandstone  and  eon- 
glomerate,  with  associated  porphyry,  basaltic  trap,  and  amygdaloid, 

Pemuan  Flora.  —  We  learn  ftom  the  recent  investigation  of 
Colonel  von  Gntbier,  that  in  the  Permian  rocks  of  Saxony  no  less 
than  axty  species  of  fossil  plants  have  been  met  with,  forty  of  which 


Uve  not  yet  been  found  elsewhere.     Two  or  three  of  these,  as  Cala- 

■*>(m  gi^as,  Sphawpteru  troio,  and  S.  lobata,  are  also  met  with  in 

the  government  of  Perm  in  Bnssia.     Seven  others,  and 

among  them  NeuT<^teris  LoikU,  FecopteriM  arbore$cent, 

^^k        and  P.  timiiU,  with  several  species  of  Walehia  (seo 

ff|rM     fig.  461.),  a  genus  of  Conifers,  called  LyeopodUet  by 

hU  S     some  aatbors,  are  common  to  the  coal-measures. 

^K^  Among    the   genera  also   enumerated    by    Ctdonel 

^ZS^GM^^  Gntbier  are  the  fruit  called    Cardioearpon  (see  flg. 

'•'^^^J»~r-  462.),  AtterophyUUtM,  and  Aimuiaria,  so  characteristie 

of  the  carboniferous  period ;  also  Ltpidodandron,  which 

u  common  to   the  Permian  of  Saxony,   lliuringia,   and  Rnssia, 
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althongh  not  abnndaat.  Noeggeratkia  (gee  fig.  463.),  supposed  bj 
A.  Brongniart  to  be  allied  to  Cyeat,  ia  another  link  between  tbe 
Pennian  and  Carboniferous  Tegetatimi.  Coni- 
fene,  of  the  Arancarian  diriuon,  also  occur; 
bat  tbese  are  likewiae  met  with  both  in  older 
and  newer  rocka.  The  plants  called  SigiBava 
and  Stigmaria,  so  jostktA  a  featore  ui  the  car- 
boniferous period,  are  as  jet  wanting. 

Among  the  remarkable  fostnls  of  the  rotb- 
liegendee,  or  lowest  part  <^  tbe  Permiac  in 
Saxony  and  Bohemia,  are  the  silici£ed  tmnks  oi 
tree<fems  called  genericallj  I^aronuu.  Th«r 
bark  was  sarronnded  by  a  dense  mass  of  sir- 
roots,  which  often  constitnted  a  great  addition  to 
the  original  stem,  so  as  to  double  or  qaadmple  iu 
diameter.  The  same  remark  holds  good  in 
regard  to  certain  living  extra-tropical  arbores- 
cent ferns,  particularly  those  of  New  Zeaiami 

Fsaroniles  are  also  found  in  the  oppermoEt 

coal  of  Autun  in  France,  and  in  the  apper  coal- 

measores  of  the  State  of  Ohio  in  the  Fnit«<l 

States,  but  specifically  different  fivm  tbcee  o( 

""^r^^^lfl^'     tbe  rothliegendes.     They  serve  to  connect  the 

Permian  flora  with  the  more  modem  portion  of 

the  preceding  or  carboniferous  group.     Upon  the  whole,  it  is  evident 

that  the  Pennian  plants  approach  much  nearer  to  the  carboniferoos 

fiora  than  to  ibe  triassie ;  and  the  same  may  be  said  of  thQ  Permlsn 

&UML 
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CHAPTER  XXir 

tHB  OOAI,  OB  CABBONIF^IOirB  OBOUT. 

CMcRiiftnai  MnCkm  th«  nntli-wM  ef  BuglMd  — SaptrpoMtiom  cf  Coal-nMiarN 
to  MovutaiD  limcMone — Departure  from  ttui  ^pe  io  North  of  Eagluid  and 
Scotland  — Cvbomfennij  aerie*  in  Ireluid— SecCioD  in  Sooth  WalM—Under- 
daji  with  SliguiBiia — Garboniferons  Flora — Fems,  Lepidodendra,  Eqniaatacea^ 
Calamitei,  AsterophjDites,  Sigillarin,  8iigrDari«  —  Conifena  —  Sternbergia — 
^Tgonoearpon — Onde  of  Conifene  in  the  Tegetabls  EiDgdon — Atmnce  of 
Angiocpcrmi — Coal,  how  formed — Erect  fbaml  treei — Parkfield  C<dluiiy— 
BLEtiemie  Coa^Md— ObliqnB  tnet  or  magi— FoMil  fbreNa  in  Nora  Scotia— 
BaiB-piiata — FariEj  of  the  Coal  explained — Time  raqniied  fcr  the  accnmi)' 
latutn  of  the  Coal-meanua — Bntckiib-vroter  and  marine  Nntu — CrnMaeekiu 
of  the  Coal— Origin  of  Clay-iron-atone. 

Th>  next  group  wliich  we  meet  with  in  the  deMending  order  is  tbe 
Carboniferons,  oommonl;  called  "The  Coal;"  becaoae  it  conbuaB 
many  beds  of  that  mineral,  in  a  more  w  less  pnre  state,  interstratified 
with  sandsUiaea,  shales,  and  limestones.  The  coal  itself  eren  in 
Great  Britain  and  Belginm,  where  it  is  most  abundant,  constitutes 
bat  an  insignificant  portion  of  the  whole  mass.  In  the  norttk  of 
England,  for  example,  the  thickness  of  the  coal-bearing  strata  has 
been  estimated  by  Fro£  Phillips  at  3000  feet,  while  the  rarioas  coal- 
Kuns,  20  <«'  30  in  nomber,  do  not  in  the  aggregate  exceed  60  feet 

The  carboniferous  formation  sssumes  varioas  characters  in  dif- 
ferent parts  even  of  the  British  Islands.  It  nsaally  comprises  two 
Teiy  distinct  members :  1st,  that  usually  called  the  Coal-measures,  of 
mixed  freshwater,  terrestrial,  and  marine  origin,  often  indnding 
Ksms  of  coal ;  2dly,  that  named  in  England  the  Uonntun  or  Car- 
boniferoHB  Limestone,  of  purely  marine  origin,  and  containing  corals, 
sheila,  and  Micrinites. 

In  the  south-western  part  of  oar  island,  in  Somersetshire  and  South 
Walee^  the  three  divisions  usually  spoken  of  by  Englisti  geologists 


I  r~i-..u».u  /Btrvta  of  ihsle,  sandstone,  and  grit,  irith  oecsstosal  leaini 
1.  i.^>ai-meMnre»  ^     of  coal,  from  BOO  to  ls,000feet  thkk. 

'A  coarae  qoartioM  iandstone  paaiiDg  into  a  conglomerate, 
)omeiinie«  oaed  for  millatonea,  with  belts  of  ibole ;  nioall; 
deroid  of  cool ;  occadoHsllf  above  600  feet  thick. 

e  ihalli  and  conUs; 


3.  Mountain   or 
Carboniferous 

limeitoiie 


"{• 


M»O0feeL 


The  millstone-grit  maybe  considered  as  one  of  the  coal-sandetonea 
of  coarser  texture  than  usnal,  with  some  accompanying  shales,  in 
vhich  coal-plants  are  occasionally  found.     In  the  north  of  England 
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some  buids  of  limestone^  with  pectens,  o)'Btors,  and  otber  nurinje  Bbdli, 
occur  in  thie  grit,  just  as  in  the  regular  coal-measureB,  and  even  i 
few  seams  of  coaL  I  shall  b^at,  therefore^  of  the  whole  gronp  la 
consisting  of  two  divisioiis  only,  the  Coal-measures  and  the  Hotn- 
tain  Idmestone.  The  latter  ia  found  in  the  sonthem  Britiah  coil- 
fields,  at  the  base  of  the  system,  or  immediately  in  contact  with  ths 
subjacent  Old  Red  Sandstone ;  bnt  as  we  proceed  northwards  to 
Torkshire  and  Northnmberiaad  it  b^ns  to  allemate  with  true  oosl- 
measurec^  the  two  d^Kwits  forming  together  a  series  of  strata  about 
1000  feet  in  tliickness.  To  this  mixed  ibrmation  succeeds  the  gnat 
mass  of  genuine  mountun  limestone.*  Farther  north,  in  the  Fife- 
shire  coal-field  in  Scotland,  we  observe  a  still  wider  departure  tciai 
the  type  of  the  south  of  England,  or  a  more  complete  intercalation  of 
dense  masses  of  marine  limestones  with  sandstones  and  shales  omi- 
taining  coaL 

In  Ireland  a  series  of  shales  and  slates,  constitnting  t^  base  of  the 
Mountain  Limeetone,  att^n  so  great  a  thickness,  often  upwards  ot 
1000  feet,  as  to  be  classed  as  a  separate  division.  Under  these  slates 
is  a  Yellow  Sandsttme,  also  considered  as  carboniferous  from  iU 
marine  fossils,  although  passing  into  the  underlying  Devonian.  A 
umilar  sandstone  of  much  less  thickness  occurs  in  the  same  poeitMm 
in  Gloucestershire  and  South  Wales. 

The  following  are  the  subdivisions  adopted  in  the  geological  lo^ 
of  Ireland,  constructed  by  Mr.  Griffiths :  — 

1.  Coa]-masnire«,  Upper  and  Lower       .           .            -  looo  to  IMO 

a.  Uilklone-giit  -  -  -  -  -  S»  to  1800 
3.  MaanUiQ  liiaenoDe,  Upper,  Hiddle  (pr  Calp),  and 

Lower        ..----  laoo  to  6*00 

i.  Ckrboiiiferoiu  atste  -----  700  to  1200 
i.  Yellow  nndstMiB  (of  HB70,  ftc)  with  shaka  and 

limestone   --.---  400ti>sooa 


OOAL-UEABtiaBa. 

In  South  Wales  the  coal-measures  have  been  ascert^ed  by  actual 
measurement  to  atttun  theextraordinary  thickness  of  12,000  feet;  the 
beds  throughout,  with  the  exception  of  the  coal  itself,  appearing  to 
bare  been  formed  in  water  of  moderate  depth,  during  a  slow,  but  per- 
haps intermittent,  depression  of  the  ground,  in  a  region  to  which 
rivers  were  bringing  a  aever>ftuling  supply  of  muddy  sediment  and 
sand.  The  same  area  was  sometimes  covered  with  vast  forests,  sndi 
as  we  see  in  the  deltas  of  great  rivers  in  warm  climates,  which  are 
liable  to  be  submerged  beneath  &esh  or  salt  water  should  the  ground 
sink  vertically  a  few  feet. 

In  one  section  near  Swansea,  in  South  Wales,  where  the  total 
thickness  of  strata  is  3246  feel^  we  learn  &om  Sir  H.  De  la  Becbe 
that  there  are  ten  principal  masses  of  sandstone.     One  of  these  is 
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£00  feet  thick,  ftnd  the  whole  of  them  make  together  a  thickness  of 
2125feeL  TheytureseparatedbT'mMBefiofBhBletTiaTiiigiiithicknesa 
from  10  to  60  feet  The  intercalated  coal-beds,  eixteeo  in  oDinber, 
ue  genenllj  &om  1  to  5  feet  thick,  one  of  thrao,  which  has  two  or 
thiee  lajera  of  day  interposed,  attuning  9  feeL*  At  other  points  in 
the  same  coal-field  the  Bhales  predominate  over  the  sandstones.  The 
Iwrisontal  extent  of  some  seama  of  coal  is  much  greater  than  that  of 
others,  bat  the;^  ill  present  one  characteristic  feature,  in  having,  each 
of  them,  what  is  called  its  wnderclay.  These  andercla)^  co-extensive 
with  every  lajer  of  ooal,  consist  of  arenaceous  shale,  sometimes  called 
fire-stone,  because  it  can  be  made  into  bricks  which  stand  the  fire  of 
a  furnace.  They  vary  in  thickness  from  6  inches  to  more  than  10 
feet;  and  1^. Logan  first  announced  to  the  scientific  world  in  1841 
that  they  were  r^arded  by  the  colliers  in  South  Wales  aa  an  essen- 
tial accompaniment  of  each  of  the  one  hnndred  seams  of  coal  met 
with  in  thdr  coal-field.  They  are  said  to  form  the  _fioor  on  which 
the  coal  rests  ;  and  some  of  them  have  a  slight  admixture  of  carbona- 
ceooB  matter,  while  others  are  quite  blacktmed  by  it. 

All  (^  them,  aa  Mr.  Logan  pointed  out,  are  characterized  by 
inclodng  a  peculiar  species  of  fossil  vegetable  called  Sligmaria,  to 
the  exclusion  of  other  plants.  It  was  also  observed  that,  while  in  the 
overlying  shales  or  "roof"  of  the  coal,  ferns  and  trunks  of  trees 
abonnd  without  any  Stiffmaria,  and  are  flattened  and  compressed, 
those  aingnlar  plants  of  the  undercUy  very  oi^en  retain  their  natnral 
forms,  bnucMng  freely,  aai  sending  ont  their  slender  leaf-like 
rootlets,  fbrmerly  thought  to  be  leaves,  through  the  mud  in  all  di- 
rections. Sev^al  species  of  StigTKaria  had  long  been  known  to 
botanists,  and  described  by  them,  before  their  position  under  each 
seam  of  coal  was  pointed  ou^  and  before  their  true  nature  as  the 
roots  of  trees  was  recc^^nized.  It  was  oonjectured  that  they  might 
be  aquatic,  perhaps  floating  plants,  which  sometimes  extended  thdr 
braacbee  and  leaves  freely  in  fluid  mnd,  and  which  were  finally  en- 
veloped in  the  same  mud. 

CJLBBONIFBB0U8  FLOBA. 

These  statements  will  suffice  to  convince  the  reader  that  we  cannot 
arrive  at  a  satisfaetory  theory  of  the  origin  of  coal  undl  we  under- 
stand the  true  nature  of  Stigmaria  ;  and  in  order  to  explain  what  is 
now  known  of  this  plant,  and  of  others  which  have  contributed  by 
their  decay  to  produce  coal,  it  will  be  necessary  to  ofier  a  brief  pre- 
liiainary  sketch  of  the  wliole  carboniferous  flora,  on  sssemblage  of 
fossil  [dants  with  which  we  are  better  acquainted  than  with  any  other 
which  floorished  antecedently  to  the  tertiary  epoch.  It  should  also 
be  marked  that  Goppert  has  ascertained  that  the  remains  of  every 
family  of  plants  scattered  tbrongh  the  coal-meaaures  are  sometimes 
met  with  in  the  pure  coal  itself  a  fact  which  odds  greatly  to  the  geo- 
logical interest  attached  to  this  flora. 

*  Ueinoin  of  Qed.  Sorvey,  voL  L  p.  199. 
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Fgnu.  —  The  anmber  of  apeciea  of  carboniferoua  pilots  bitikcrto 
described  amounts,  sccording  to  M.  Ad.  BrongiUMi:,  to  about  500. 
These  ma;  perhaps  be  a  fragiaent  onlj  of  t^  entan  flwa,  but  thc7 
are  mioiigh  to  show  ^t  the  state  of  dte  regetable  wwld  ms  then 
extremely  different  firom  that  now  preruling.  We  are  stmdk  it 
the  first  glance  with  the  umilarity  of  tnaay  of  the  ferns  to  those  now 
liring,  and  the  diBsiiailarity  of  almost  all  the  otiier  foeaUs  except  the 


conifene.  Among. the  ferns,  u  in  tbe 
case  of  PecopUrit  for  example  (fig.  464.), 
it  is  not  always  easy  to  decide  whether 
thej  should  be  referred  to  different 
genera  from  those  established  for  tha 
classification  of  living  species ;  wberes^ 
in  regard  to  moat  of  the  other  ctrntem-' 
forarj  tribes  with  the  exception  of  ^ 
conifene,  it  is  often  difficult  to  gness  tb« 
familj,  or  even  the  class,  to  wlueh  ihej 
belong.  The  ferns  of  the  carbonifiu(xK 
period  are  generally  nithont  arg»ia  <^ 
froctiflcation,  but  in  some  ^ectMU 
tbeee  are  well  preserred.  la  the  genenl 
absence  of  eutib  characters,  they  h*^ 
been  divided  into  gcmera  distingnidi^ 
chiefly  by  the  branohing  of  the  fronds 
and  the  way  ia  which  the  veins  of  the  leaves  are  disposed.  The 
lai^r  portion  are  supposed  to  have  been  of  the  siae  of  ordintfj 
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Eoropean  feniB,  but  some  were  decidedly  arboreacent^  eepeciklly  the 
group  called  Caulopterit,  hj  Lindley,  and  the  I^aronhu  of  the  apper 
or  oewest  coal>measorei,  before  alluded  to  (p.  360.). 

All  the  recent  tree-feme  belong  to  one  tribe  {Pofypodiaeea'),  and 
to  &  small  nomber  only  of  genera  in  that  tribe,  in  which  the  anrface 
of  the  trunk  is  marked  with  Bcarg,  or  cicatrices,  left  after  the  fall  of 
the  fronds.  These  scara  resemble  thoee  of  Caulopteru  (see  fig.  466.). 
No  ieaa  than  250  ferns  have  already  been  obtained  from  the  coal- 
strata;  and,  even  if  we  make  some  reduction  on  the  ground  of 
Tuieties  which  have  been  mistaken,  in  the  absence  of  their  fructi- 
fication, lor  species,  still  the  reeolt  is  singular,  bocauso  the  whole  of 
Enrape  afbcde  at  present  do  more  than  60  indigenons  species. 


lltbit  un-rcriu  ordifftnnt  ginen.    (Ad.  Brmf.) 
rig.  <E7.     Tree.r«ni  rrtim  lile  of  BourbMl. 
Fl|.  ira.     <>iUlea(JiiKS.Hiur[tlui. 
FJl.Mg.    rnB-fUB  bum  BruU. 

LeptdodendroH. — Abont  40  species  of  fossil  plants  of  the  Coal 
hire  been  referred  to  this  genus.  They  consist  of  cylindrical  stems 
or  trunks,  covered  with  leaf-scars.  In  their  mode  of  branching,  they 
are  always  dichotomons  (sec  flg.  471.).  They  are  considered  by 
Brongniart  and  Hooker  to  belong  to  the  Lycopodiacea,  plants  of 
this  family  bearing  conee,  with  similar  sporangia  and  spores 
(fig.  474.).  Most  of  them  grew  to  the  size  of  large  trees.  The 
figures  470 — 472.  represent  a  fossil  Lepidodettdron,  49  feet  long,  found 
in  Jarrow  Colliery,  near  Newcastle,  lying  in  shale  parallel  to  the 
planes  of  stratification.  Fragments  of  others,  found  in  the  same 
eiaie,  indicate,  by  the  siie  of  the  rhomboidal  scars  which  cover 
them,  a  still  greater  magnitude.  The  living  club-mosses,  of  which 
there  are  aboat  200  species,  are  abundant  in  tropical  climates,  where 
one  spe^ee  is  sometimes  met  with  attaining  a  height  of  3  feet.  They 
nioally  creep  <ni  the  ground,  but  some  stand  erect,  as  ihe  L.  tfetuufli, 
&on  New  Zealand  (flg.  478.> 
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Fl|.  470.  FI(.  4TI. 


IP 


'    LiplJaitmlnm  Stcnirrga.    Co^-noRnm.  mmi  VvwaOlt. 
Hi-  no.  Bruching  i™k,  4R  Int  loni,  lappowl  la  hm  beloninl  toL.M 

FIH)1.  B™iMhln«i[«ii«iliBuk;,ril«.™8fL.ama<T»*-.    (Pou.Fli 
Fl(.47a.I><inl<mii?uin(nHrgrlbe[<>M;iiUunlilie.    (Ibll) 


In  the  carboDiferoufl  stnta  of  Coftlbrook  Dale,  and  in  m&njr  otber 
coal'fielda,  elongated  cylindrical  bodies,  called  fossil  cones,  Dined 
Lepidottrohu  by  M.  Adolphe  Broogniart,  are  met  with.  (See  fig. 
474.)     They  often  form  the  nucleus  of  concretionary  balls  of  cUy- 


^# 


lujiponed  by  lu  b 


tagin,  Mghlf  vagilttA.    <H«k«.  Mm.  Ota\.  Sniie] 


ironstone,  and  are  well  preserved,  exhibiting  a  conical  axis,  uoQDd 
'which  a  great  quantity  of  scales  were  compnctlj  imbricated.  Tbe 
opinion  of  M.  Brongniart  is  now  generally  adopted,  that  tbe  Lq"- 
tUutnAu*  is  the  fruit  ot  Lepidodendron  ;  indeed,  it  ia  not  n 
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in  Coilbrook  Dale  uid  elsewhere  to  find  these  strobtU  or  fruits  termi- 
utiDg  the  tip  of  A  brftnch  of  a  well  charactericed  Ltpidodendron. 

Equitetacea:.  —  To  this  loniilj  belong  two  fossil  species  of  the  Coal, 
one  called  Equuetum  infuHdi&ttliforme  hy  Brongniart,  and  found  also 
b  Nora  Scotia,  which  has  sheaths,  regularlj  toothed,  ribbed,  and 
overlapping  like  those  on  the  joung  fertile  stemB  of  Eqtiisrtam  Jiu- 
viatiU.  It  was  much  larger  than  anj  living  "  HorsetaiL  "  The 
Equuettim  giganteum,  discorered  hj  Humboldt  and  Bonpland  in 
Soath  America,  attained  a  height  of  about  5  feet,  the  stem  being  an 
inch  in  diameter ;  but  more  recently  Gardner  has  met  with  one  in 
Brazil  15  feet  high,  and  Mejen  gives  the  height  of  E.  Bagotense  in 
Chili  as  15  to  20  feet. 

Calamiiet,  —  The  fossil  plants  so  called  were  originall;  classed  by 
modt  botanists  as  cryptogamous,  being  r^arded  as  gigandc  Eqmteta  ; 


a  Smdmrli.  Bnmir.i 
Enjliihnni.  '  mUllmiiiglw"  Euro|». 

for,  like  the  common  "horsetail,"  they  usually  ex- 
Fi«-  m.         hibit  little  more  than  hollow  jointed  stems,  furrowed 
extornaUy.    (See  figs.  475,  476,  477.) 

Mr.  Salter  stated  to  me  many  years  i^o  his  con- 
viction that  the  calamite  as  frequently  represented 
by  paleontolf^sts  was  in  an  inverted  position, 
and  that  the  conical  part  given  as  the  top  of  the 
stem  was  in  tmtli  the  root.  This  point  Mr.  Dawson 
and  I  had  opportunities  of  testing  in  Nova  Scotia, 
where  we  saw  many  erect  calamitea,  having  their 
radical  termination  as  in  the  annexed  figure  (fig. 
477.).  The  scars,  from  which  whorls  of  vessels 
have  proceeded,  are  observed  at  the  upper,  not  the 
lower  end  of  each  joint  or  intemode.*  The  speci- 
"^'rcti^S*''^™  ™^^'  *8-  ^75-)  therefore,  is  no  doubt  the  lower  end  of 
B«i^  the  plant,  and  I  have  therefore  reversed  its  position 

as  given  in  tiie  work  of  Lindley  and  Hutton. 

H.  Adolphe  Brongniart,  following  up  the  discoTeries  of  Germar 

ud  Corda,  has  shown  in  his  "  Genres  de  Y€g4taux  Fossiies,"  1849, 

tbat  many  Calamiles  cannot  belong  to  the  Eqvueta,  nor  probably  to 

■ny  tribe  of  flowerless  plants.     He  conceives  that  they  are  more 

'  Sea  Dawson,  GcoL  Qoart  JonmsJ,  18M,  toL  x.  p.  SB. 
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nearly  allied  to  the  GymnospertnouH  Dicotrledons.  Tbej  poffimed 
a  central  pith,  soironnded  bj  &  ligneons  (r^linder,  wliich  wai  dtriikd 
bj  regular  medullary  rays.  This  cylinder  was  sarratmded  in  tam 
by  a  thick  bark.  Of  fossil  stenu  having  this  Btmcture  Brongniirt 
formed  hia  genus  CtUamodendron,  which  includes  many  specifi 
referred  by  Gotta,  Petxholdt,  and  linger  t«  the  genus  Ct^iamUa. 
The  Calamodendron  is  described  as  smooth  externally,  its  pith  being 
articulated  and  marked  with  deep  external  vertical  strite,  agreei&| 
in  short  with  what  geologists  commonly  call  a  Calamite.  Stice  the 
appearance  of  Brongniart's  essay,  Mr.  £.  W.  Binney  has  made  msn; 
important  discoveries  on  the  same  snlgect ;  and  Mr,  J.  S.  Dawes  hu 
published  (Quart  Jonm.  Geol.  Soc.  liond.  1851,  vol  vii  p.  196.) 
a  more  complete  account  of  this 
'"  singular  fossil  Their  views  hsre 

been  confirmed  by  Prof  Wil- 
lianuon  of  Manch^ter,  who  hu 
communicated  to  me  a  specimen, 
fignred  in  the  annexed  cot  (£g. 
478.),  in  which  we  see  an  in- 
ternal pith  answering  in  cba- 
racter  ,to   the   Calamodendron 
and  yet  having  outside  of  it  so- 
other jointed  cylinder  vertinU  j 
grooved  on  its  onter  sur&ce^  m 
that  in  the  same  stem  we  hsn 
one    calamite    enveloping    to- 
other.    Yet    that    they  both 
formed  part  of  the  same  [dsot 
is  proved  by  the  following  cii^ 
comatances:  —  lat   Nah  eseb 
'mI^  iiiSt™,"Si™i^bi'^i^S?2Bk  articulation  of  the  pith  radiating 
uljio'S'ih^i;hi'u%''ni«ihVerri5"^™^  *po^  «"  seen  to  proceed  and 
CoMuoiutod  bj  Prof.  w.  &  Wmi™™.      penetrate    die    ligneous    sone. 
One  complete  whorl  or  circle  of  these  radii  is  visible  in  the  annexed 
figure  near  the  bottom  of  the  hollow  cavity,  whilst  another  sod 
superior  whorl  is  incomplete;  several  radii,  corresponding  to  the 
first,  remuning,  while  the  rest  have  been  broken  away,  their  place 
being  shown  by  scars  which  they  have  left.    2dly.  In  addition  to 
these  whorls,  called  medullary  by  Prof.  WUUameon,  then  are  sees 
in  other  specimens  a  set  of  true  or  ordinary  medullary  rays,    fldlj. 
Tha  woody  zone,  penetrated  both  by  the  spoke-like  vessels  be&re- 
mentioned  and  by  the  medullaiy  rays,  is  usually  reduced  to  brown 
carbonaceous  matter,  preserving  merely  a  tendency  to  break  in  longi- 
tudinal slips,  but  in  some  specimens  its  fibrous  tissue  is  retained,  and 
resembles  that  of  Dadoxylon.     4thly.  Outside  of  this  crate  again  is 
another  cylinder,  supposed  to  have  been  originally  a  thick  ceHnUr 
bark,  nearly  eqnal  to  one-third  of  the  whole  stem  in  diameter,  grooved 
and  jointed  externally  like  the  pith, 
fn  conclusion,  I  may  remark  that  these  discoveriefl  make  it  iwhs 
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and  more  doubtful  to  what  fomily  the  greater  number  of  Calamites 
should  be  referred.  Their  internal  organiMtion,  eajs  Pro!  Wil- 
liaouon,  was  very  peculiar;  for  while  they  exhibit  remarkable 
■ffinitiw  with  gymnospermous  dicotyledons,  the  arrangement  of 
tkar  tiunes  differs  widely  &om  that  of  aU  known  forms  of  gymno- 
apenns. 

Atterophyllitei. — The  graceful  plant  represented  in  the  annexed 
figure  is  suppoeed  by  M.  Brongniart  to  be  a  branch  of  the  Calamo- 
dtndrfM,  and  he  infers  from  its  pith  and  medullary  rays  that  it  was 
dicotyledonous.    It  appears  to  have  been  allied,  by  the  nature  of  ite 
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liuue,  to  the  gymnogena,  and  to  Sij/illaria.  But  under  the  head  of 
AMterophyUiteM  many  vegetable  fragments  have  been  grouped  which 
probably  belong  to  different  genera.  They  have,  in  short,  no  cha- 
ncter  in  common,  except  thst  of  possessing  narrow,  verticillate, 
one-ribbed  leaves.  Dr.  Newberry,  of  Ohio,  has  discovered  in  the 
coal  of  that  country  fossil  stems  which  in  their  upper  part  bear 
wedge-shaped  leaves  corresponding  to  Sphenophyllum,  while  below 
'he  leaves  are  stalk-like  and  capillary,  and  would  have  been  called 
AtUrophi/Uittt  if  found  detached.  From  this  he  infers  that  Spheno- 
fhyUum  was  an  aquatic  plant,  the  superior  and  floating  leaves  of 
which  were  broad,  and  possessed  a  compound  nervation,  while  the 
inferior  or  submersed  leaves  were  linear  and  one-ribbed.  "This 
nippoaition,''  he  adds,  "is  further  atrengtbened  by  the  extreme 
length  and  tenuity  of  the  branches  of  this  apparently  herbaceous 
plant,  which  would  seem  to  have  required  the  support  of  a  denser 
meditun  than  air."' 

SigiUaria. — A  large  portion  of  the  trees  of  the  carboniferons 
period  belonged  to  this  genus,  of  which  abont  thirty-five  species  are 
^own.  The  structure,  both  internal  and  external,  was  very  pe- 
<^Qliar,  and,  with  reference  to  existing  types,  very  anomalous.  They 
were  fonnerly  referred,  by  M.  Ad.  Brongniart,  to  ferns,  which  they 
resemble  in  the  scalariform  texture  of  their  vessels,  and,  in  some 
degree,  in  the  form  of  the  cicatrices  left  by  the  base  of  the  leaf- 

*  Annali  of  Science,  Clevelaiid,  Ohio,  IHSS,  p.  97. 
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Htalks  which  have  fallen  off  (see  fig.  480.).    But  with  these  pauH 
of  anftl<^}'  to  ciyptogHJiiia,  they  combiae  an  internal  orgauizUioD 
jxg_  4)0.  much  reaembling  that  of  cj'cads,  and  tome 

of  them  are  ascertained  to  have  had  long 
linear  leaves,  quit«  unlike  those  of  fenu. 
They  grew  to  a  great  height,  from  30  to 
GO,  or  even  70  feet,  with  regular  cjlin- 
drical  st«ms,  and  without  brancheei  al- 
though   Bome   apeciea  were  dichotomaiu 
towards  the  top.    Their  fluted  trunks, 
from  1  to  5  feet  in  diameter,  appear  to 
hare  decayed  more  rapidly  in  the  interior 
than    externally,  bo    that    they   became 
hollow,  when  standing ;  and  when  tbrowD 
prostrate  on  the  mud,  they  were  squeezed 
down  and  flattened.     Hence,  we  &id  fix 
bark  of  the  two  opposite  sides  (now  ecn- 
verted  into  bright  shining  coal)  to  coa- 
3««gFigte>«>u,Bn»|.        atitute  two  horizontal  layers,  one  upon 
the  other,  half  an  inch,  or  an  inch,  in  tliicknesa.      These  same 
trunks,  when  they  are  placed  obliquely  or  vertically  to  the  planes 
of  stratificatioii,  retain  their  original  ronnifed  form,  and  are  uncom- 
pressed, the  cylinder  of  bark  having  been  filled  with  sand,  whidi 
now  affords  a  cast  of  the  interior. 

Dr.  Hooker  still  inclines  to  the  belief  that  the  Siffillaria  may  have 
been  cryptogamous,  though  more  highly  developed  than  any  flower- 
less  plants  DOW  living.  The  Bcalariform  structure  of  their  vesseb 
agrees  precisely  with  that  of  ferns. 

SUgmaria.  —  This  fosdl,  the  importance  of  which  has  already  been 
pointed  out,  was  formerly  conjectured  to  be  an  aquatic  plant.  It  is 
now  ascertained  to  be  the  root  of  SigiUaria.  The  connection  of  the 
roots  with  the  stem,  previously  suspecte*],  on  botanical  grounds,  by 
Brongniart,  was  first  proved,  by  actual  contact,  in  the  Lancashire 
coal-field,  by  Mr.  Binney.  The  &ct  has  lately  been  shown,  evea 
more  distinctly,  by  Mr.  Richsrd  Brown,  in  his  description  of  the 


*  llie  tninlE  In  tlii«  case  ii  referred    mu-ldngi  assomed  bj  Si^Baria  m 
hy  Ur.  Broirn  to  Lepidodtudiim,  bnl  hii    base. 
Ulnltratiooi  Mem  to  ibow  the   luaal 
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SHfffnaria  occorring  in  the  underda^a  of  the  coal-seama  of  the 
Islaod  of  Cape  Breton,  in  Nova  Scotia. 

In  a  specimen  of  one  of  these,  represented  in  the  annexed  figure 
(fig.  481.),  the  spread  of  the  roots  waa  16  feet,  and  some  of  them  sent 
out  rootlets,  in  all  directions,  into  the  surrounding  clay. 

In  the  sea-clifis  of  the  South  Joggins  in  Nova  Scotia  I  examined 
several  erect  SigiUaria,  in  company  with  Mr.  Dawson,  and  we  found 
that  from  the  lower  eitremities  of  the  trunk  they  sent  out  Stig- 
marue  as  roots.  All  the  stools  of  the  fossil  trees  dug  out  by  ns 
divided  into  four  parts,  and  these  again  bifurcated,  forming  eight 
roots,  which  were  also  dichotomous  when  traceable  far  enough. 

The  manner  of  attachment  of  the  fibres  to  the  stem  resembles 
that  of  a  ball  and  socket  joint,  the  base  of  each  rootlet  being  con* 
cave,  and  fitting  on  to  a  tubercle  (see  figs.  482.  and  483.).     Bowa  of 


SUgmnHaJlania,  Vnat.   On  fourth  of  ul.  ilia.  (Fom.  Flo.l*.] 

these  tubercles  are  arranged  spirally  round  each  root,  which  bu 
»lwajg  a  medullary  cavity  and  woody  texture,  much  resembling  that 
of  SigiUaria,  the  structure  of  the  vessels  being,  like  it,  Kalarifonn. 

Cwu/ertR — The  coniferone  trees  of  this  period  are  referred  to  five 
genera ;  the  woody  structure  of  some  of  them  showing  that  they  were 
rilied  to  the  Arancarian  division  of  pines,  more  than  to  any  of  our 
ccnunon  European  fira.  Some  of  their  trunks  exceeded  44  feet  in 
height  Many,  if  not  all  of  them,  seem  to  have  differed  from  living 
(W/ime  in  having  large  piths ;  for  Professor  Williamson  has  demon- 
>tnted  the  fossil  of  the  coal-messnres  called  Slembergia  to  be  the 
pith  of  these  trees,  or  rather  the  cast  of  cavities  formed  by  the 
ihrioking  or  partial  absorption  of  the  original  medullary  axis  (see 
figs.  484.  and  485.).  This  peculiar  type  of  pith  is  observed  in  living 
pUota  of  very  different  families,  such  as  the  common  Walnut  and 
the  White  Jasmine,  in  which  the  pith  becomes  so  reduced  as  simply 
to  form  a  thin  lining  of  the  meduUary  cavity,  across  which  trans- 
Tcne  plates  of  pith  extend  horizontally,  so  as  to  divide  the  cylin- 
^c&l  hollow  into  discoid  interspaces.  When  these  last  have  been 
Ued  up  with  inorganic  matter,  they  constitute  an  axis  to  which,  before 
thnr  true  nature  was  known,  the  provisional  name  of  Sumhtrgia 
W  d,  fig.  484.)  was  given. 
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In  the  above  specimeo  the  structure  of  the  wood  (b,  figs.  484.  ud 
485.)  is  coniferous,  and  the  fossil  ia  referable  to  Endlicher*!  foMil 
genus  Dadoxylon. 

The  fossil  named  Trigonocarfon  (figs.  486.  and  487.),  fonneilj 


TrffButeamun  gmnmi.  LlnilLn  i 


rappoeed  to  be  the  fhdt  of  a  palm,  may  now,  according  to  I^- 
Hooker,  be  referred,  like  the  Stambergia,  to  the  Contfer^  Us  gw 
lo^cal  importance  is  great,  for  eo  abundant  is  it  in  the  Coal 
Measures,  Ibat  in  certain  localitiee  the  fruit  of  some  species  ma?  ^ 
procured  bj  the  bushel ;  nor  is  there  on  j  part  of  the  formation  vbcrv 
they  do  not  occur,  except  the  underdays  and  limestone.  Tbo  laad- 
etone,  ironstcoie,  shales,  and  coal  itself,  all  contain  them.  Mr.  Biutej 
Hauchetter  IHulos.  Mem.  toL  iz.  IS31, 
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bu  at  length  foand  in  the  cUy-innutone  {J  LKncaahire  Beveral 
Bpecimeni  dispUTing  Btmcture,  tund  &om  these,  mjb  Dr.  Hooker,  ire 
Ittm  that  the  T^rigonotarpon  belonged  to  tluit  lu^  section  of  exiating 
cooiferoiu  pUnts  which  bear  fleshy  solituj  bnita,  and  not  conee. 
It  resembled  very  cloeelj  the  fruit  of  the  ChineM  genua  SaHtburia, 
one  of  the  Tev  tribe,  or  Taxoid  coniferB.  In  fire  of  the  fowl 
tpedmana  there  is  evidence  of  four  distinct  integuments,  and  of  a 
brge  internal  cavity  filled  widi  carbonate  of  lime  and  nmgneeia,  and 
[ffobably  once  occnpied  bj  the  albumen  and  embryo  of  the  seed.  The 
general  form  of  the  fossil  when  perfect  ib  an  elongated  ovoid,  rather 
larger  than  a  hasle-nnt.  The  exterior  int^^ument  is  very  thick  and 
cellnlar,  and  was  no  donbt  once  fleshy  (see  fig.  487.).  It  alone  ia 
prodnoed  beyond  the  seed,  and  fonns  the  beak.  The  second  coat 
wis  thinner,  but  hard,  and  marked  by  three  ridgea.  This  coat, 
being  all  that  ctHmnonly  remains  in  a  fossil  state,  bu  suggested  the 
usoe  of  TrigonoearpoH.  Within  this  were  the  third  and  fourth 
costs,  both  of  which  are  very  delicate  membranes,  and  may  possibly 
hsTB  been  two  plates  belonging  to  one  membrane. 

Grade  tf  the  Carbonifertnu  Flora. — On  the  whoU^  these  fruits, 
■a^B  Dr.  Hooker,  are  referable  to  "a  highly  developed  type,  ez- 
hilnting  extensive  modifications  of  elementary  organs  for  the  pnr- 
pose  of  their  adaptation  to  special  fanctions,  and  these  modifications 
ara  as  great,  and  the  ad^tation  as  special,  as  any  to  be  found 
smoDgst  analogooB  fruits  in  the  existing  vegetable  world."'  Pro- 
feisor  Williamson,  in  his  paper  on  Stembtrgia,  has  likewise  re- 
maiked  that  its  sfructure  was  complex,  and  that  "  at  a  period  so 
early  as  the  carboniferous  all  the  now-existing  forms  of  vegetable 
tisBDe  appear  to  have  been  created."  These  observations  deserve 
notice,  because  a  question  has  arisen — whether  the  Con^tra  hold  a 
high  or  a  low  position  among  flowering  plants, — a  point  bearing 
directly  on  the  theory  of  pn^reeaive  development.  By  some  botanists 
all  the  Gymnospermous  Dicotjledons  are  regarded  as  inferior  in 
grade  to  the  Angiosperma  OUiers  hold,  with  Dr.  Hooker,  that  the 
GymnospermB  are  not  ini^or  in  rank,  having  every  typical  cha- 
racter of  the  dicotyledons  highly  developed.  Thus  Conifene  h^ve 
flowers,  snd  are  propagated  by  seeds  which  are  developed  through 
the  mutual  action  of  the  stamens  and  ovules ;  they  have  distinct 
embiyos,  and  germinate  in  a  definite  manner,  The  seed-vessel  (ot 
ovary)  is  not  closed,  but  this  is  also  the  case  in  some  genera  of 
angiosperms,  is  which  the  ovary  is  open  before  or  afler  impreg- 
Dstion,  BO  that  this  character  cannot  be  relied  on  ts  constituting  a 
fimdsaental  di&rence  in  structure  development  The  Coniferss 
■re  exogenons,  and  have  the  ssme  distinctions  of  pith,  wood,  bark, 
and  medullary  rays  as  have  the  aagiospermous  trees.  Whether  the 
woody  fibre  with  discs  characteristic  of  Conifers  be  a  more  or  a  less 
ccanplex  tissue  than  the  spiral  vessels,  is  a  controverted  point.  As 
the  Bfnral  vessels  occur  in  the  young  shoots,  and  are  lost  in  the 

*  Fractodingf  of  the  Boysl  Sodetr,  toL  *iL  Uoich.  18S4,  p.18. 
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iDAtnre  growth  of  some  [dante,  ftnd  as  the;  i^pear  in  man;  acrogetu, 
they  do  Dot  seem  to  mark  'a  high  derelopment.  In  Sue,  then  ii 
much  nmbigiiitj  in  deciding  what  should  or  should  Dot  be  called 
high  or  low  in  ve^table  structure,  and  pfaysiologiBta  entertain  veiy 
difibrent  abstract  ideas  as  to  the  perfection  of  certain  oi^uis  aad 
their  relative  functional  importance,  OTen  where  the  fimcljan  iii 
clearly  ascertained.  It  is  enough  for  the  geologist  to  know,  that 
fossil  Conifene  abonnd  in  the  oldest  rocks  Tielding  a  ooneidertble 
number  of  vegetable  remains,  aod  that  plants  of  this  order  lay 
clsim,  if  not  to  the  highest,  at  least  to  so  high  a  place  in  the  scik  k 
vegetable  life,  as  to  preclude  us  from  characteiiaing  the  carbo- 
niferous flora  as  consisting  of  imperfectly  dereloped  plants. 

Althongh  our  data  are  confessedly  too  defective  to  entitle  ns  to 
generalise  respecting  the  entire  vegetable  creation  of  this  en,  yet  we 
may  affirm  that  so  far  as  it  is  known  it  differed  widely  tima  aoy 
fiora  now  existing.  The  comparative  rarity  of  Monocotyledons  and 
of  Dicotyledonous  Angiosperms  seema  clear,  and  the  abundaiKe 
of  Ferns  and  Lycopods  may  justify  Adolphe  Brongniart  in  calling 
the  primary  periods  the  age  of  Acrogens.*  ("  Le  rfegne  dee  Aero- 
gens.")  As  to  the  Sigillarite  and  Galamltes,  they  seem  to  have  bees 
distinct  from  all  tribes  of  now-existing  plants.  That  the  abundiBce 
of  ferns  implies  a  moist  atmosphere,  is  admitted  by  all  botanists  i 
bat  no  safe  conclnsion,  says  Hooker,  can  be  drawn  from  the  Coaifen 
alone,  as  they  are  found  in  hot  and  dry  and  in  cold  and  dry  "'J""*"] 
in  hot  and  moist  and  in  cold  and  moist  regions.  In  New  Zeataod 
the  Conifene  attain  their  maximtmi  in  lumbers,  0(»iBtitDting  ^d 
part  of  all  the  flowering  plants  ;  whereas  in  a  wide  district  aroond 
the  Cape  of  Good  Hope  they  do  not  form  xAv*^  ^  *'^  pfasDO- 
gamic  flora.  Besides  the  conifers,  many  species  of  ferns  flourish  in 
New  Zealand,  some  of  them  arbores4»nt,  fa^^ether  with  many  lyof 
podiums ;  so  that  a  forest  in  that  country  may  make  a  nearer  approadi 
to  the  carboniferous  v^etation  than  any  otlier  now  existing  on  lbs 
globe. 
Anffbupernu. — Some  of  the  grass-like  leaves  termed  ibwiilet 
p,    ^^  having  fine  longitudinal  stris,  are  conjectoied 

to  belong  to  Monocotyledons ;  bat  the  detenu- 
nation  is  doubtful,  as  some  of  them  may  be  the 
leaves  of  Lepidodendra,  others  the  stems  d 
Ferns.  The  curions  plants  called  AMtheSlliet 
by  Lindley  have  usually  been  conudered  to  be 
flower-spikes,  having  what  seems  a  calyx  tod 
linear  petals  (see  fig.  488.).  But  Dr.  Hooker 
ea^ests  that  these  may  be  rather  tufts  of  scarcdy 
opened  buds  with  the  young  leaves  just  burst* 
ing.  He  suggests  that  they  may  be  coniieroa^ 
although  he  cannot  connect  them  with  any  known 


*  For  tenuinologr  of  clasiification  of  pUnts,  see  abore,  note,  p.  ssr. 
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Coal,  how  formed — Erect  treet.  — I  shall  now  consider  the  muiner 
in  which  the  aboTe-mentioDed  plants  arti  imbedded  in  the  strsto,  tnd 
bow  tbey  may  hftve  contributed  lo  produce  cokL  Professor  Goppert, 
ifter  examining  the  fo6eil  T^etables  of  the  ooal-fields  of  Gtermany, 
iai  detected,  in  beds  of  pure  coal,  remains  of  plants  of  every  family 
hitherto  known  to  occur  fossil  in  the  coal.  Many  seams,  he  remarket 
m  rich  in  Siffillaria,  Lepidodendra,  and  Stigmaria,  the  latter  in 
such  abundance,  as  to  appear  to  form  the  bulk  of  the  coaL  In  some 
places^  almost  all  the  plants  were  calamites,  in  others  ferns.*  "  Some 
of  the  plants  of  our  coal,"  says  Dr.  Buckland,  "  grew  on  the  iden- 
tied  bulks  of  sand,  silt,  and  mud  which,  Imng  now  indurated  to 
stone  and  shale,  form  the  strata  that  accompany  the  ooal ;  whilst 
other  portions  of  these  plants  have  been  drifted  to  various  distances 
(torn  the  swamps,  saTannahs,  and  forests  that  gave  them  birth,  par- 
tjcolarly  those  ttkat  are  dispersed  through  the  sandstcnes,  or  mixed 
with  fishes  in  the  shale  beds."  "  At  B^gray,  three  miles  north  of 
Gla^ow,"  says  the  same  author,  "I  saw  in  the  year  1824,  as  there 
still  may  be  seen,  an  nnequivocal  example  of  tiie  stumps  of  several 
Btems  of  large  treec^  standing  close  together  in  their  native  places  ia 
a  qnarry  of  sandstone  of  the  coal-formation."  I 

Between  the  years  1887  and  1840,  six  fossil  trees  were  discovered 
in  the  coal-field  of  Lancashire,  where  it  is  intersected  by  the  Bolton 
railway.  They  were  all  in  a  vertical  position,  with  respect  to  the 
[dane  of  the  bed,  which  dips  about  IS"  to  the  sonth.  The  diatanca 
between  the  first  and  the  last  was  more  than  100  feet,  and  the  roots 
of  sU  were  imbedded  in  a  soft  argillaceous  shale.  In  the  same  plane 
vith  tite  roots  is  a  bed  of  coal,  eight  or  ten  inches  thick,  which  has 
been  ascertuued  to  extend  across  the  nulway,  ot  (« the  distance  of  at 
lasst  ten  yards.  Just  above  the  covering  of  the  roots,  yet  beneath 
the  coal-seam,  so  large  a  quantity  (^  the  LeptdtutnAiu  variabilu  was 
discovered  inclosed  in  nodules  of  hard  clay,  that  more  than  a  bushel 
was  collected  from  the  small  openings  around  the  base  of  the  trees 
(see  figure  of  this  genus,  p.  366. )■  The  exterior  trunk  of  each  was 
mariced  by  a  coating  of  friable  coal,  varying  &om  one  quarter  to  three 
quarters  of  an  inch  in  thickness ;  but  it  crumbled  away  on  removing 
thematrix.  The  dimensiDnsof  one  of  the  trees  is  IS^fbetinctrcnm- 
ference  at  the  base,  7^  feet  at  the  top,  its  height  being  11  feet.  All 
the  trees  have  large  spreading  roots,  solid  and  strong,  sometimes 
branching,  and  traced  to  a  distance  of  several  feet,  and  presumed  to 
extend  much  farther.  Mr.  Hawkahaw,  who  has  described  these 
fossils,  thinks  that,  although  they  were  hollow  when  submerged,  they 
may  have  consisted  originally  of  hud  wood  thraughout ;  for  solid 
dicotyledonous  trees,  when  prostrated  in  tropical  forests,  as  in  Vene- 
suela,  on  the  shore  of  the  Caribbean  Se^  were  observed  by  him  to  be 
destroyed  in  the  interior,  ao  that  litUe  more  is  left  than  an  outer 
sbeD,  consiadng  chiefly  of  the  bark.     This  decay,  he  says,  goes  on 
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moBt  npidly  in  low  and  flit  tracts,  in  which  there  is  a  deep  ridi  soil 
and  exoeeeive  moirtnre,  gnpparting  tall  forest-treee  and  Urge  pihns, 
below  which  bomhooB,  canes,  and  minor  palms  flourieh  lazuriaollj. 
Such  tracta,  Iram  tbwr  lownesa,  would  be  moat  eaailj  anbmei^ed,  and 
tbeir  dense  vegetatioii  might  then  give  rise  to  a  team  of  eosL* 

In  a  deep  ralley  near  Capel-Coelbren,  branching  from  the  higher 
part  of  the  Swansea  Talley^,  fonr  stems  of  opright  Si^iUaria  wen 
seen  in  1838,  piercing  throngh  the  coal-measnreB  of  Sl  Widee ;  one 
of  them  wsB  2  feet  in  diameter,  and  one  13  feet  and  a  half  high,  and 
they  were  all  found  to  terminate  downwards  in  a  bed  of  coaL  "  They 
appear,"  sayi  Sir  H.  De  la  Beche,  "  to  haTe  oonstitated  a  portion  of  * 
mbterranean  forest  at  the  epoch  when  the  lower  carboniferous  strata 
were  formed."  | 

Is  ft  ODiliely  near  Newcastle,  say  the  anthora  of  the  Foenl  Tian, 
M  great  number  of  SigiUarve  were  placed  in  the  rock  as  if  they  hid 
retained  the  position  in  which  they  grew.  Not  less  than  tluTty,  Bome 
of  them  4  or  5  feet  in  diameter,  were  vinble  within  an  area  of  SO 
yatds  square^  the  interior  being  sandstone,  and  the  bai^  having  beta 
converted  into  ccaL  The  roots  of  one  individual  were  found  im- 
bedded in  shale  ;  and  the  trunk,  after  maintaining  a  perpendienlar 
course  and  drcnlar  form  for  the  height  of  about  10  feet,  was  then  bent 
over  so  as  to  become  horizontaL  Here  it  was  distended  laterally,  sod 
flattened  so  as  to  be  only  one  inch  thick,  the  flutings  being  compa- 
ratively distinct^  Snch  vertical  stems  are  familiar  to  our  minen, 
under  the  name  of  coal-jnpes.  One  of  them,  72  feet  in  length,  ma 
discovered,  in  1829,  near  Gosforth,  about  five  miles  from  Newcaatk^ 
in  coal-grit,  the  strata  of  which  it  penetrated.  The  exterior  of  the 
trunk  was  marked  at  intervals  with  knots,  indicating  the  pconti  *t 
which  branches  had  shot  off.  The  wood  of  the  interior  had  been 
converted  into  carbonate  of  lime;  and  ita  structure  was  beaalifblly 
shown  by  cutting  transverse  slices,  so  thin  as  to  be  transparent.    (See 

p. «.)      ■ 

These  "  coal-pipea  "  are  much  dreaded  by  our  miners,  for  alntoBt 
every  year  in  the  Bristol,  Newcastle,  and  other  coal-fields,  they  ve 
ibe  cause  of  fatal  accidents.  Each  cylindrical  cast  of  a  tree,  fwmed 
of  solid  sandstone,  and  increasing  gradually  in  siie  towards  Uie  bw, 
and  being  without  branches,  has  its  whole  weight  thrown  downward^ 
and  receives  no  support  from  the  coating  of  &iable  coal  which  his 
replaced  the  bark.  As  soon,  therefore^  as  the  cohesion  of  this  ex- 
ternal layer  is  overcome,  the  heavy  column  falls  suddenly  in  a  per- 
pendicular or  oblique  direction  from  the  roof  of  the  gallery  wheoce 
coal  has  been  extracted,  wounding  or  killing  the  workman  who 
stands  below.  It  is  strange  to  reflect  how  many  thousuids  of  these 
trees  fell  originally  in  their  native  forests  in  obedience  to  the  law  of 
gravity ;  and  bow  the  few  which  condnned  to  stand  eroc^  obeying, 

*  Havkihaw,  OeoL  Trane^  Second    and  Somerset,  p.  lis. 
Beriea,  toL  vi.  pp.  I!S.  177.,  pL  17.  (  Lindle}'  and  HntM^   FoM.   Ek. 

t  GeoL  Beptut  oa  Camwill,  Dctdii,    put  6.  p.  ISO. 
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after  myriads  of  agea,  the  same  force,  are  caat  down  to  immolate 
their  humao  viciimB. 

It  haa  been  remarlwd,  that  i^  instead  of  working  in  the  dark,  the 
miner  was  accustomed  to  remove  the  upper  coTering  of  rock  from 
each  aeom  of  coal,  and  to  expose  to  the  day  the  soils  on  which  ancient 
forests  grew,  the  evidence  of  their  firmer  growth  would  be  obvious. 
Thus  in  South  Staffordshire  a  seam  of  coal  was  laid  bare  in  the  year 
1844,  in  what  is  called  an  open  work  at  Farkfield  Colliery,  near 
Wolverhampton.  In  the  space  of  about  a  quarter  of  an  acre  the 
stamps  of  no  less  thaa  73  trees  with  their  roots  attached  appeared, 
as  shown  in  the  annexed  plan  (fig.  489.),  some  of  them  more  than 

Ptf.  «M. 


8  leet  in  ciroumferonce.  The  trunks,  broken  off  close  to  the  root, 
were  lying  prostrate  in  every  direction,  often  crossing  each  other. 
One  of  them  measured  15,  another  30  feet  in  length,  and  others  less. 
They  were  invariably  flattened  to  the  thickness  of  one  or  two  inches 
and  converted  into  coaL  Their  roots  formed  part  of  a  stratum  of 
coal  10  inches  thick,  which  rested  on  a  layer  of  clay  2  inches  thick, 
below  which  was  a  second  forest,  resting  on  a  2>foot  seam  of  coal. 
Five  feet  below  this  agUQ  was  a  third  forest  with  la^;e  stumpa  of 
Lepidodendra,  Calamitet,  and  other  trees. 

In  the  account  given,  in  1821,  by  M.  Alex.  Brongniartf  of  the 
coal-mine  of  Treuil,  at  St  Elienn^  near  Lyons,  he  stales,  that  dis- 
tinct horisontal  strata  of  micaceous  sandstone  are  traversed  by  ver- 
tical trunks  f£  monocotyledonous  vegetables,  resembling  bunbooa 
or  IftTge  EqtoMta  (fig.  490.).  Since  the  consolidation  of  the  stone, 
there  has  been  here  and  thwe  a  sliding  movement,  which  has  broken 
the  cootinnity  of  the  stems,  throwing  the  upper  parts  of  them  on 
one  Bide,  so  that  they  aro  oflien  not  continiious  with  the  lower. 

From  these  appearances  it  was  inibrred  that  we  have  hero  the 
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St  EUfDH.    (AlH.  BnniDtut.) 

monuments  of  a  submerged  forest  I  formerlj  objected  to  Hub  con- 
cluBJon,  guggeeting  that,  in  thitt  case,  all  the  roots  ought  to  h^ve  been 
found  at  one  and  the  same  level,  and  not  scattered  im^nlirif 
through  the  mass.  I  also  imagined  that  the  soil  to  which  the  nwU 
were  attached  should  have  been  different  from  the  sandstone  in  which 
the  trunks  are  enclosed.  Having,  however,  seen  calamitea  new 
PictoD,  in  Nova  Scotia,  buried  at  various  heights  in  sandstone  snd 
in  similar  erect  attitudes,  I  have  now  Lttle  doubt  that  M.  Brong- 
niart's  view  was  correct,  These  plants  seem  to  have  grown  on  ■ 
sandf  soil,  liable  to  be  flooded  from  time  to  time,  and  raised  bj  new 
accessions  of  sediment,  as  maj  happen  in  swamps  near  the  banks  of 
a  Urge  river  in  its  delta.  Trees  which  delight  in  marshy  groonds 
are  not  injured  by  being  buried  several  feet  deep  at  their  base ;  mJ 
other  trees  are  continually  rising  up  from  new  soils,  several  feel 
above  the  level  of  the  original  foundation  of  the  morass.  In  du 
banks  of  the  Mississippi,  when  the  water  has  fallen,  I  have  teal 
sections  of  a  similar  deposit  in  which  portions  of  the  stumps  d 
trees  with  their  roots  in  titu  appeared  at  many  different  heights.* 

When  I  visited,  in  1843,  the  quarries  of  Treutl  above-men  tiimed, 
the  fossil  trees  seen  in  fig.  490.  were  removed,  bnt  I  obtuned  pnw& 
of  other  ibresta  of  erect  trees  in  the  same  coal-field. 

Snagt.  —  In  1830,  a  slanljng  trunk  was  expoaed  in  Cr^glaA 
quarry,  near  Edinburgh,  the  total  length  of  which  exceeded  60  feet 
Its  diameter  at  the  tep  was  about  7  inches,  and  near  the  bsse  it 
measured  5  feet  in  its  greater,  and  2  feet  in  its  lesser  width.  The  biri: 
was  converted  into  a  thin  coating  of  the  purest  and  finest  coal,  fora- 
ing  a  striking  conbaet  in  colour  with  the  white  quartsose  landstMe 

*  Frinciplei  of  QeoL,  »th  e<L,  p.  IftB. 
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in  which  it  \a,j.  TIib  annexed 
figure  represents  a  portion  of  this 
tree,  about  IS  feet  long,  which 
I  »w  exposed  in  1830,  when  ill 
the  stnta  had  been  removed  irom 
one  aide.  The  beds  which  re- 
I  mained  were  bo  unaltered  and  un- 
disturbed at  the  point  of  Junction, 
I  as  clearly  to  show  that  thej  bad 
1  been  tranquillj-  deposited  round 
i  the  tree,  and  that  the  tree  had  not 
mbsequentlj  pierced  through 
tbem,  while  thej  were  jet  in  a  soft  state.  The;  were  composed 
chiefly  of  siliceous  sandstone,  for  the  most  part  white ;  and  divided 
into  lanuDtt  bo  thin,  that  from  six  to  fourteen  of  tbem  might  be 
reckoned  in  the  thickness  of  an  inch.  Some  of  these  thin  layers 
were  dark,  and  contained  coaly  matter ;  but  the  lowest  of  the  in- 
tersected beds  were  calcareous.  The  tree  coold  not  have  been 
boUow  when  imbedded,  for  the  interior  still  preserved  the  woody 
texture  in  a  perfect  state,  the  petrifying  matter  being,  for  the  most 
part,  calcareous.*  It  is  also  dear  that  the  lapidifying  matter  was  not 
introduced  laterally  irom  the  strata  through  which  the  fossil  passes, 
as  moat  of  these  were  not  calcareous.  It  is  well  known  that,  in  the 
IGsBiBsippi  and  other  great  American  rivers,  where  thousands  of 
trees  float  annually  down  the  stream,  some  sink  with  their  roots 
downwards,  and  become  fixed  in  the  mud.  Thus  placed,  they  have 
been  compared  to  a  lance  in  rest ;  and  so  often  do  they  pierce  through 
the  bows  of  vessels  which  ran  against  them,  that  they  render  the 
navigation  extremely  dangerous.  Mr.  Hugh  Miller  mentions  four 
other  hnge  trunks  exposed  in  quarries  near  Edinburgh,  which  lay 
diagonally  across  the  strata  at  an  angle  of  about  80°,  with  their 
lower  or  faeavier  portions  downward^  the  roots  of  all,  save  on^ 
mbbed  off  by  attrition.  One  of  these  was  60  and  another  70  feet 
in  length,  and  firom  4  to  6  feet  in  diameter. 

The  number  of  years  for  which  the  trunks  of  trees,  when  constantly 
SDbmerged,  can  resist  decomposition,  is  very  great;  as  we  might 
snppose  &om  the  durability  of  wood,  in  artificial  pike,  permanently 
covered  by  water.  Hence  these  fossil  snags  may  not  imply  a  rapid 
accumulation  of  beds  of  sand,  although  tbe  channel  of  a  river  or 
part  of  a  lagoon  is  oAen  filled  up  in  a  very  few  years. 

Xbva  Scotia. — One  of  the  finest  examples  in  the  world  of  a  suc- 
cesmon  of  fossil  forests  of  the  carboni&rous  period,  laid  open  to  view 
in  ft  natural  section,  is  that  seen  in  the  lofty  cliffs  called  the  South 
Joggins,  bordering  the  Chignecto  Channel,  a  branch  of  the  Bay  of 
Fondy,  in  Nova  Scotia.f 

•  See  flgnm  of  tenure,  Wilhaffl,  toLii.p;)79.)BndDainaii,0«aL Joun. 
foM.  VegcL,  pL  3.  No.  37. 

f  See  Ljdl'a  IteTela  in  N.  America, 
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In  tbe  uinexed  BeclJon   (fig.  492.),  wtdeh  1 

'  examined  in  Jnlj,  1S42,  the  beds  from  c  to  i  ire 

I  teen  all  dipping  the  aame  wa^,  their  average  in* 
t  »  clination  being  at  an  angle  of  24°  S.S.W.  The 
I  I  vertical  height  of  the  cliffa  ia  from  150  to  200 
I  I  feet  i  and  between  d  and  g,  in  which  apace  I  ob- 
j  d  served  seventeen  trees  in  an  upright  position,  or, 
I  to  speak  more  coirectlj,  at  right  anglee  to  the 

planes  of  stratification,  I  counted  nineteen  teanu 
of  coal,  varying  in  thickness  from  2  inches  to  4 
feet     At  low  tide  a  fine  boriiontal  section  of  the 
4    same  beds  is  exposed  to  view  on  the  beach.    The 
I     thickness  of  the  beds  alluded  to,  between  d  and  f, 
■it     is  About  2,500  fee^   the  erect  trees  conaiBting 
I  J  ^.    chiefiy  of  large  SiffiUarue,  occurring  at  trai  dii- 

a  -  I     tinct  levels,  one  above  the  other ;  but  Mr.  Logan, 

f  S     ^bo  afterwards  made  a  more  detailed  snrvej  of 

I  I    the  same  line  of  clifis,  found  erect  trees  at  seveD- 

''  J    teen  levels,  extending  through  a  vertical  Ihick- 

'g    nessof  4,515  feet  of  strata;  and  he  estimated  the 
-     total  thickness  of  the  carboniferous  formation, 
71    with  and  without  coal,  at    no  less  than  14,570 
,    feet,  every  where  devoid  of  marine  organic  re. 

I I  mains.*     Hie  usual  height  of  the  buried  trees 

I  §    seen  by  me  was  from  6  to  8  feet ;  but  one  trunk 

I I  was  about  25  feet  high  and  4  feet  in  diameter, 
J  2  with  a  considerable  bulge  at  the  base.  In  no 
I  B     instance  could  I  detect  any  trunk  intersectiiig  a 

I  i!  I     layer  of  coal,   however  thin ;    and  most  of  the 

I  trees  t«nmnated   downwards  in    seams  of  coaL 

°  t        Some  few  only  were  based   in   clay  and  shale; 

I        none  of  them,  except   calamiles,    in   sandstone. 
^        The  erect  trees,  therefore,  appeared  in  general  to 
i  *        have  grown  on  beds  of  coaL     In  the  underclajs 

a  Stiffntaria  abounds. 

I  In   1852  Mr.  Dawson  and  the  aathor  made  a 

4        detailed  examination  of  one  portion  of  the  strata, 
I        1400  feet  thick,  where  the  coal-seams  are  most 
"       frequent,  and  found  evidence  of  root-bearing  soils 
at  sixty-eight  different  levels.      Like  the  seams 
of  coal  which  often  cover  them,  these  root-beds 
or  old  soils  are  at  present  the  most  destructible  masses  in  the  whole 
cliff,  the  sandstones  and  laminated  shales  being  harder  and  ntore 
capable  of  resisting  the  action  of  the  waves  and  the  weatber.   Origi- 
nally the  reverse  was  doubtless  true,  for  in  the  existing  delta  of 
the  Mississippi  those  claye  in  which  the  innumerable  roots  of  tbe 
decidnous  cypress  and  other  swamp  trees  ramify  in  all  directions  are 
seen  to  withstand  far  more  effectually  the  undermining  power  of  the 
*  Quart.  0«oL  Joorn.,  vol  ii.  p.  177. 
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river,  or  of  the  sea  at  the  baae  of  the  ddta,  thui  do  beds  of  loose 
Hud  or  Ujers  of  mnd  not  supporting  trees. 

This  fiict  maj  explain  whj  seams  of  coal  Itave  so  often  escaped 
denudation,  and  remain  continuous  over  wide  areas,  since  the  tough 
roots,  now  turned  to  coal,  which  once  trayeraed  them,  would  enable 
tbem  to  resist  a  corrent  of  water,  whilst  other  members  of  the  coal- 
formation,  in  their  original  and  unconsolidated  state  of  sand  and 
mad,  would  be  readily  remoTcd. 

In  r^ard  («  the  plants,  thejr  belonged  to  the  same  genera,  and 
most  of  dwm  to  the  same  species,  as  those  met  with  in  the  distant 
coal-fields  of  Europe.  In  the  sandstone,  which  filled  their  interiors, 
I  freqaentlj'  obeerred  fern  leaves,  and  sometimes  fragments  of  Stiff' 
maria,  which  had  evidently  entered  together  with  sediment  after 
tbe  tnink  had  decayed  and  become  hollow,  and  while  it  was  still 
stsoding  onder  water.  Thus  tbe  tree,  a  b,  fig.  493.,  the  same  which 
is  represented  at  a,  fig.  494.,  or  in  the  bed  e  in  the  larger  section, 
%'  492.,  is  a  hollow  trunk  5  feet  8  inches  in  length,  traversing 
Tuions  strata,  aod  cut  off  at  the  top  by  a  layer  of  clay  2  feet  thick, 
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<ni  which  i-ests  a  seam  of  coal  {b,  fig.  494.)  1  foot  thick.  On  this 
^  sgsin  stood  two  large  trees  (c  and  d),  while  at  a  greater  height 
™^  trees  f  and  g  rest  upon  a  thin  seam  of  coal  (e),  and  above 
wieB  ig  ui  miderday,  supporting  the  4-foot  coaL 
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If  we  now  return  to  the  tree  first  mentioned  (fig.  498.),  ire  fud 
the  diamet^  (a  &)  14  inches  at  the  top  and  16  inches  at  the  botttsi, 
the  lengtb  of  the  trunk  5  feet  8  inches.  The  stnta  in  the  interior 
consisted  <S  a  series  entirelf  different  from  those  on  the  oatade. 
The  lowest  of  the  three  outer  beds  which  it  tntrersed  consUted  i^ 
purplish  and  blue  shale  (e,  fig.  493.),  2  feet  thick,  above  wEiioh  wu 
sandstone  (d)  1  foot  thick,  and,  above  this,  clay  (e)  2  feet  B  inches. 
But,  in  the  interior,  were  nine  distinct  layers  of  different  compoa- 
tion :  at  the  bottom,  firat,  shale  4  inches,  ^en  sandstone  1  foot,  then 
shale  4  inches,  then  sandstone  4  inches,  then  shale  11  inehe^  then 
clay  (/)  with  nodules  of  ironstone  2  inches,  then  pure  claj  2  feet, 
then  sandstone  3  inches,  and,  lastly,  clay  4  inches.  Owing  to  dw 
outward  slope  of  the  face  of  the  cli^  the  section  (fig.  ^3.)  was  not 
exactly  perpendicular  to  the  axis  of  the  tree ;  and  henoe,  probably, 
the  apparent  sudden  termination  at  the  base  withont  a  stomp  and  roota 
In  this  example  the  layers  of  matter  in  the  inside  of  the  tree  are 
more  numerous  than  those  without;  but  it  is  more  common  in  (be 
Goal-meBBUTes  of  all  countries  to  find  a  cylinder  of  pure  sandstouc^ — 
the  cast  of  the  interior  of  a  tree, — intersecting  a  great  many 
alternating  beds  of  shale  and  sandstone,  which  originally  enve^ied 
the  trunk  as  it  stood  erect  in  the  water.  Such  a  want  of  corres- 
pondence in  the  materials  ontside  and  inside,  is  just  what  we  might 
expect  if  we  reflect  on  the  difference  of  time  at  which  the  depositioK 
of  sediment  will  take  place  in  the  two  cases ;  the  imbedding  of  tlie 
tree  having  gone  on  for  many  years  before  its  decay  had  made  mneli 
progress. 

In  many  places  distinct  proof  is  seen  that  the  enveloping  strati 
took  years  to  accumulate,  for  some  of  the  sandstones  surronnding 
erect  sigillarian  trunks  support  at  different  levels  roots  and  stemi 
of  Co&MUtei;  the  Calamitu  having  begun  to  grow  ftfter  tlie  (dder 
SigUiaria  had  been  partially  buried. 

The  general  absence  of  structure  in  the  interior  of  the  large  foanl 
trees  of  the  doal  implies  the  very  durable  nature  of  their  bark,  is 
compared  with  their  woody  portion.  Tlte  same  difference  of  doi*- 
bility  of  bark  and  wood  exists  in  modem  trees,  and  was  first  pointed 
out  to  me  by  Mr.  Dawson,  in  the  forests  of  Nova  Scoda,  where  the 
Canoe  Birch  {Betitla  papyracea)  has  such  tough  bark  tliat  it  may 
somedmes  be  seen  in  the  swamps  looking  extemaUy  sound  and  fresb, 
although  consisting  simply  of  a  hollow  cylinder  with  all  the  wood 
decayed  and  goue.  In  such  cases  the  submerged  portion  is  war- 
times found  filled  with  mud. 

One  of  the  erect  fossil  trees  of  die  Sooth  Joggins  has  been  Bhown 
by  Mr.  Dawson  to  have  Araucarian  structure,  so  that  some  Cow^tra 
of  tiie  Coal  Period  grew  in  the  same  swamps  as  SigiOaria,  just  ti 
now  the  decidoous  Cypress  ( Taxodium  dutichuni)  abounds  is  the 
marshes  of  Louisiana  even  to  the  edge  of  the  sea. 

When  the  carboniferous  forests  sank  below  high-water  maik  a 
species  of  Spirorhit  or  Serpula  (fig.  498.)  attached  itself  to  the  out- 
side of  the  stomps  and  Bt«ms  of  the  erect  trees,  adhering  occasioBallf 


,i^,Coo>^[c 


Cb.  XIIT.]  of  KOTA  SCOTIA.  583 

eren  to  the  interior  of  the  bark, — another  proof  that  the  process  of 
envelopment  wna  very  graduaL  These  hollow  upright  trees,  covered 
with  innumerable  marine  annelids,  reminded  me  of  a  "  cane-brake," 
as  it  is  cmnmonljr  called,  consisting  of  tall  reeds  of  Anmdinaria 
maeroiperma,  which  I  saw,  in  1846^  at  the  Balize,  or  extremity  of  the 
delta  of  like  Mississippi.  Although  these  reeds  are  freshwater  plants, 
they  were  covered  with  barnacles,  having  been  killed  by  an  incoraioii 
of  salt  water  over  an  extent  of  many  acres,  where  the  sea  had  for 
a  season  usurped  a  space  previously  guned  from  it  by  tLe  river. 
Tet  the  dead  reeds,  in  spite  of  this  change^  remained  standing  in  the 
soft  mud,  showing  bow  easily  the  SigiUaria,  hollow  as  they  were 
bat  supported  by  strong  roots,  may  have  resisted  an  incnrsion  of 
the  sea. 

The  bigb  tides  of  the  Bay  of  Fundy,  rising  more  than  60  feet^  are 
so  destructive  as  to  undermine  and  sweep  away  continually  the 
whole  face  of  the  ctifis,  and  thus  a  new  crop  of  erect  fossil  trees  is 
brought  into  view  every  three  or  four  years.  They  are  known  to 
extend  over  a  space  between  two  or  thfee  miles  from  north  to  south, 
and  more  than  twice  that  distance  from  east  to  west,  being  seen  in 
the  banks  of  streams  intersecting  the  coal-field. 

In  Cape  Breten,  Mr,  Richard  Brown  has  observed  in  the  Sydney 
coal*field  a  total  thickness  of  coal-measures,  without  inclnding  the 
underlying  millstone-grit,  of  1843  feet,  dipping  at  an  angle  of  8°. 
He  has  published  minute  details  of  the  whole  series,  showing  at  how 
many  different  levels  erect  trees  occur,  consisting  of  SigiUaria,  Le- 
pidodendroR,  Calamiltt,  and  other  genera.  In  one  place  eight  erect 
tranks,  with  roots  and  rootlets  attached  to  them,  were  seen  at  the 
same  level,  within  a  horizontal  xpace  80  feet  in  length.  Beds  of 
coal  of  various  thickness  are  interstratified.  liking  into  account 
forty-one  clays  filled  with  roots  of  Stigmaria  in  their  natural  position, 
and  eighteen  layers  of  upright  trees  at  other  levels,  there  is,  on  the 
whole,  clear  evidence  of  at  least  fifty-nine  fossil  forests,  ranged  one 
above  the  other,  in  this  coal-field,  in  the  above-mentioned  tbiokness 
of  strata.* 

The  fossil  shells  of  Cape  Breton  and  those  of  the  Nova  Scotia 
section  (p.  S80.),  consisting  of  Cgpria,  Unio  (?),  Modiola,  and  aa 
annelid  probably  of  the  genus  Spirarbit  (see  Jig.  498.),  seem  to 
indicate  brackish  water  ;  but  we  ought  never  to  be  surprised  if,  in 
pareuing  the  same  stratum,  we  should  come  either  to  a  freshwater 
or  a  purely  marine  deposit ;  for  this  will  depend  upon  our  taking  a 
direction  higher  up  or  lower  down  the  ancient  river  or  delta  deposit. 
In  the  strata  above  described,  the  association  of  clays  supporting 
upright  trees,  with  other  beds  containing  marine  and  brackish-water 
shells,  implies  such  a  repeated  change  in  the  same  area,  from  land  to 
sea  and  from  sea  to  land,  that  here,  if  anywhere,  we  should  expect  to 
meet  with  evidence  of  the  fall  of  rain  on  ancient  sea-beacbes.  Acr 
cordingly  rain-prints  were  seen  by  me  and  Mr.  Dawson  at  variona 
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levels,  bat  the  moBt  perfect 'hitherto  observed  were  discovered  bj 
Mr.  Brown  near  Sydney  in  C&pe  Breton.  They  consist  of  very  ddi* 
cate  impressions  of  rain-drops  oq  greenisli  slates,  with  Beveral  worm- 
tracks  (a,  b,  fig.  496.),  such  as  uenally  accompany  rain-marks  on 
the  recent  mod  of  the  Bay  of  Fundy,  and  other  modern  beaches. 
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The  casta  of  rain-prints,  id  figs.  496.  and  49?.,  project  from  the 
under  side  of  two  layers,  occurring  at  different  levels,  the  one  > 
sandy  shale,  resting  on  the  green  shale  (fig.  495.),  the  other  a  sand- 


stone presendng  a  similar  warty  or  blistered  aar£ace,  on  which  are 
also  observable  some  small  ridges  as  at  a,  which  stand  ont  in  relief, 
and  afford  evidence  of  cracks  formed  by  the  shrinkage  of  snbjaeent 
elay,  on  which  nun  had  fallen.  Many  of  the  associated  sandstones 
are  ripple-marked. 

T^e  great  humidity  of  the  climate  of  the  coal-period  had  been 
previously  inferred  from  the  nature  of  its  vegetation  and  the  cen- 
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tianity  of  ita  foreeta  fi>r  Imndreds  of  miles ;  but  it  is  Mtisfactoiy  to 
have  at  lengtii  obtained  such  positiTe  proofs  of  showers  of  nun,  the 
drops  of  which  resembled  in  their  iventge  eice  those  which  dow  fall 
from  the  dovds.  From  such  data  we  may  presume  that  the  at^ 
mosphere  of  the  carboniferons  period  correeponded  in  density  with 
that  now  investing  the  globe,  and  that  different  currents  of  air 
varied  then  as  now  in  temperature,  so  as  to  give  rise,  bj  their 
mixture,  to  the  condensation  of  aqueous  vapour. 

The  more  closely  the  strata  productive  of  coal  have  been  studied 
tbe  greater  has  become  the  force  of  the  evidence  in  favour  of  their 
having  originated  in  tite  manner  of  modem  deltas.  Hiey  display 
a  vast  thickneas  of  stratifled  mud  and  fine  sand  without  pebbles,  and 
in  them  are  seen  countless  stems,  leaves,  and  roots  of  terrestrial 
plants,  free  for  the  most  part  from  ail  intermixture  of  marine 
remains, — inicnmBtancee  which  imply  the  persistency  in  the  same 
region  of  a  vast  body  of  fresh  water.  This  water  was  also  charged, 
like  that  of  a  great  river,  with  an  inexhaustible  supply  of  sediment, 
which  secsns  to  have  been  transported  over  alluvial  plains  so  far 
frtnn  the  higher  grounds  that  all  coarser  particles  and  gravel  were 
left  behind.  Such  phenomena  imply  the  drwnage  and  denudation 
of  a  continent  or  large  island,  having  within  it  one  or  mwe  ranges 
of  monntains.  The  partial  intercalation  of  brackish-water  beds  at 
certain  points  is  equally  consistent  with  the  theory  of  a  dett^  the 
lower  parts  of  which  are  always  exposed  to  be  overflowed  by  tlie  sea 
even  where  no  oeciUatioDB  of  level  ar«  experienced. 

The  purity  of  the  coal  itself  or  the  absence  in  it  of  earthy  par- 
ticles and  sand,  throughout  areas  of  vast  extent,  is  a  fact  which 
appears  very  difficult  to  explain  when  we  attribate  each  coal-seam 
to  a  v^etation  growing  in  swamps.  It  has  been  asked  how,  during 
riv^  inundalioBs,  capable  of  sweeping  away  the  leaves  of  fbrns  and 
the  stems  and  roots  of  SigiUaria  and  other  trees,  could  the  waters 
fail  to  transport  swne  fine  mnd  into  the  swamps  7  One  generation 
after  another  of  tall  trees  grew  with  their  roots  in  mud,  and  their 
leaves  and  prostrate  trunks  formed  layers  of  vegetable  matter,  which 
was  afterwards  covered  with  mnd  since  turned  to  shale.  Yet  the 
coal  itself  or  altered  vegetable  matter  remained  all  the  while 
unsoiled  by  earthy  particlee.  This  enigma,  however  perplexing  at 
fint  ught,  may,  I  think,  be  solved,  by  attending  to  what  is  now 
taking  place  in  deltas.  The  dense  growth  of  reeds  and  herbage 
which  encompasses  the  margins  of  forest-covered  swamps  in  the 
valley  and  delta  of  the  Mississippi  is  such  that  the  fluviatile 
waters,  in  passing  through  them,  are  filtered  and  made  to  clear 
themselves  entirely  before  they  reach  the  areaa  in  which  vegetable 
matter  may  accumulate  for  centuries,  forming  coal  if  the  climate 
be  favourable.  There  is  no  possibility  of  the  least  intermixture 
of  earthy  matter  in  such  cases.  Thus  in  the  large  submerged 
tract  called  the  "  Sunk  Country,"  near  New  Madrid,  forming  part  of 
the  western  side  of  &a  valley  of  the  Mississippi,  erect  trees  have 
been  standing  ever  since  the  year  1811-12,  killed  by  the  great 
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earthquake  of  that  date  j  lacnstrine  and  swamp  plants  have  been 
growing  there  in  the  shallows,  and  eeveral  rivers  have  an&nill; 
inundated  the  whole  space,  and  jet  have  been  unable  to  cany  in 
any  sediment  within  the  outer  boundaries  of  the  moras%  eo  dense  is 
the  marginal  belt  of  reeds  and  brushwood.  It  may  be  affinned  thit 
generaUj  in  the  "CTpress  swamps"  of  the  Missiaaippi  no  se^meDt 
mingles  with  the  vegfiMble  matter  accumulated  there  from  the  decij 
of  trees  and  semi-aquatio  plants.  As  a  singular  proof  of  this  &ct,  I 
may  mention  that  whenever  any  part  of  a  swamp  in  Louisiana  is  dried 
up,  during  an  unusually  hot  season,  and  the  wood  set  on  fire,  pia 
are  burnt  into  the  ground  many  feet  deep,  or  as  far  down  as  tiie  fire 
can  descend,  without  meeting  with  water,  and  it  ia  then  found  tiat 
scarcely  any  restdunm  or  earthy  matter  is  left.*  At  the  bottom  of  lU 
these  "  cypress  swamps"  a  bed  of  clay  is  found,  with  roots  of  tiw 
tail  cypress  {^Taxodium  dUtiehuta),  jjiat  as  die  nnderclays  of  tbeeoil 
are  filled  with  Stigmaria. 

It  has  been  already  stated,  that  the  carbonifbroos  strata  al  the 
South  Jt^gins,  in  Nova  Scotia,  are  nearly  three  milea  thick,  and 
the  coal-measures  are  ascertained  to  be  of  vast  thickness  near  Pidon, 
more  than  100  mUea  to  the  eastward.  If,  therefore,  we  speculate  oa 
the  probable  volume  of  solid  matter,  contained  in  the  Nova  Scotii 
coal-fields,  there  appears  little  danger  of  erring  on  the  side  of  exoets 
if  we  take  the  average  thickness  of  the  beds  at  7,500  fee^  or  about 
half  that  ascertained  to  exist  in  one  carefully  measured  section.  Aa 
to  the  area  of  the  coal-field,  it  includes  a  large  part  of  New  Bmns- 
wick  to  the  west^  and  extends  north  to  Prince  Edward's  Island,  tsd 
probably  to  the  Magdalen  Isles.  When  we  add  the  Cape  Bi«(oa 
beds,  and  the  connecting  strata,  which  must  have  been  denndedor 
are  still  concealed  beneath  the  waters  of  the  Gulf  of  St  Lawrence 
we  obtain  an  area  comprising  aboat  36,000  square  milee.  T1>u> 
with  the  thickness  of  7,S00  feet  before  assumed,  will  give  51,000 
cubic  miles  of  solid  matter  as  the  volume  of  tLe  carboniferous  rocks. 

The  Mississippi  would  take  more  than  two  million  of  yean  to 
convey  to  the  Gulf  of  Mexico  an  equal  quantity  of  solid  matter  in 
the  shape  of  sediment,  assuming  the  average  discharge  of  water,  in 
that  great  river  to  be,  as  calculated  by  Mr.  Forshey,  450,000  cubic 
feet  per  second,  throughout  the  year,  and  the  total  quantity  of  mnd  to 
be,  aa  estimated  by  Mr.  Riddell,  3,702,758,400  cnbic  feet  in  the  jetf.t 

The  Ganges,  according  to  the  data  supplied  to  me  by  Mr.  Erereet 
and  Captain  Strachey,  cooveys  bo  much  larger  a  volume  of  solid 
matter  annually  to  the  Bay  of  Bengal,  that  it  might  aocoBtplish  ■ 
similar  task  in  375,000  years,  or  in  less  than  a  flfth  of  the  time 
which  the  Mississippi  would  require.} 

As  the  lowest  of  the  carboniferous  strata  of  Nova  Scotia,  like  tbe 
middle  and  uppermost,  consist  of  shallow-water  beds,  Ike  whole 
vertical  subsidence  of  three  miles,  at  the  South  Joggins,  miut  hare 

•  Ljell'i  Second  Tint  to  the  U.  8.,        t  Frindplesof  Ge(dog]r,«>lied.lBU, 
vol.  iL  p.  S45.;  and  Amerinn  Jonrn.  of   p.  ST3. 
Science,  3d  lerief,  vol.  v.  p.  17.  I  Jbtd.  1893,  p.  189. 
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takrai  place  gradually.  If  then  this  depression  ma  brought  about  in 
the  coune  of  375,000  years,  it  did  not  exceed  the  rate  of  four  feet  in 
a  centnrj,  resemhling  that  now  experienced  in  certun  countries, 
where,  whether  the  movement  be  npward  or  downward,  it  is  quite 
inseuBible  to  the  inhabitants,  and  only  known  by  scientific  inquiry. 
I^  on  the  other  hand,  it  was  brought  about  in  two  millions  of  yean 
according  to  the  other  standard  before  allnded  to,  the  rate  would  be 
only  six  inches  in  a  centniy.  But  the  same  movement  taking  place 
in  BO  upward  direction  ^onld  be  sufBcient  to  uplift  a  portion  of  the 
earth's  crust  to  the  height  of  Mont  Blanc,  or  to  a  vertical  elevation 
of  three  mUes  above  the  level  of  the  sea. 

The  delta  of  the  Ganges  presents  in  one  respect  a  striking  parallel 
to  the  Nova  Scotia  coal-field,  since  at  Calcutta  at  the  depth  of  eight 
or  ten  feet  &om  the  surface  the  buried  stools  of  trees  vrith  their  roots 
attached  have  been  found  in  digging  tanks,  indicating  an  ancient  soil 
now  nnderground ;  and,  in  boring  on  the  same  site  for  an  Art«eian 
well  to  the  depth  of  481  feet,  other  signs  of  ancient  forest-covered 
lands  and  pea^  soils  have  been  observed  at  several  depths,  even  as 
far  down  as  300  feet  and  more  below  the  level  of  the  sea.  As  the 
strata  pierced  through  contained  freshwater  remains  of  recent  species 
of  plants  and  animals,  they  imply  a  subsidence  which  has  been  going 
on  contemporaneously  with  the  accumulation  of  fiuviatile  mud. 

In  the  English  C4»l-fields  the  same  association  of  fresh,  or  rather 
brackish-water  strata,  with  marine  in  close  connection  with  beds  of 
coal  of  terrestrial  origin,  has  been  frequently  recognised.  Thus, 
for  example,  a  deposit  near  Shrewsbury,  probably  formed  in  brackish 
vrater,  has  been  described  by  Sir  R.  Uurchison  as  the  youngest 
member  of  the  carboniferous  series  of  that  district,  at  the  point 
where  the  coal-measures  are  in  contact  with  the  Permian  or  "  Lower 
New  Bed."  It  consists  of  shales  and  sandstones  about  150  feet 
thick,  with  coal  and  traces  of  plants ;  including  a  bed  of  limestone 
varying  &om  2  to  9  feet  in  thickness,  which  ia  cellular,  and  resem- 
bles some  lacostrine  limestones  of  France  and  Germany.  It  has  been 
traced  for  30  miles  in  a  strught  line,  and  can  be  recognised  at  still 
more  distant  points.  The  characteristic  fossils  are  a  small  bivalve, 
having  the  form  of  a  Cyclat  or  Cyrena,  also  a  small  entomostracan 
which  may  be  a  Q/prit  or,  if  marine,  a  Cythert  (fig.  499.),  sod  die 
microecopic  shell  of  an  annelid  of  an  extinct  genus  called  J^ero- 
eonckui  (  fig,  498.),  allied  to  Serpula  or  Spirmrbit. 
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In  the  lower  coal-measnres  of  Coklbrook  Dale,  tli«  stnU,  lecoid- 

ing  to  Mr.  PreBtwich,  often  ch&nge  completely  within  yctj  ehort  dii- 

tancea,  heAt  of  sandBtone  pRssing  horicontallj  into  clay,  and  el^ 

into  sandstone.     The  coal-seams  often  wedge  out  or  disappear ;  ud 

sections,  at  places  nearly  oontignous,  present  marked  lithological  dii- 

tinctions.     In  this  single  Beli,  in  which  the  strata  are  fi-om  700  to 

800  feet  thick,  between  fcwtj  and  fi^  species  of  terrestrial  plant) 

have  been  dlscorered,  besides  several  fishes  of  the  genera  MegaUA- 

rtf.  too.  'Aj/'i  Soloplyehtiu,  and  others.    Cnutaeta 

also  are  met  with,  of  the  genns  lAmuba 

(see  flg.  500:),  resembling  in  all  essentui 

characters    the    LimuU    of   the    Oolitie 

period,  and  the  king-crab  of  the  modem 

seas.    They  were  smaller,  however,  thu 

the  living  form,  and  had  the  abdomen 

deeply  grooved  across,  and  serrated  at  iB 

edges.      In    this   specimen,    the  tail  ii 

wanting;    bnt  in  another,  of  a  second 

species,  fixim  Coalbrook  Dale,  the  tail  i> 

seen  to  agree  with  that  of  the  living  Limnlns. 

The  perfect  carapace  of  a  long-tailed  or  decapod  cmstacean  hsi 
also  been  fonnd  in  the  ironstone  of  those  strata  by  Mr.  Ick  (see  % 
501.).     It  is  referred  by  Mr.  Salter  to  G^hea,  a  genns  also  ocaa- 
Fii.ui.  ™S  '"  ^  ^"  '■'^^  Oolite.     There  are  slso 

Upwards  of  for^  spedea  of  mollusca,  among 
which  are  two  or  three  referred  to  the  fresh- 
water  genns    Unio,  and    others  of  nuuiiw 
forms,  such  as  Nautilui,  Orlhoetrai,  Spirifer, 
and  Produetui.     Mr.  Frestwich  suggests  (fast 
the   intermixture  of  beds  contuning  bfA- 
water  shells  with  others  full  of  marine  remuss, 
and  the  alternation  of  coarse  sandsbSK  ud 
conglomerate  with  beds  of  fine  clay  or  sbile 
airfinrttmhia,  ftiitrr.      containing  the  remains  of  plants^  may  be  «- 
^tSat  mori'i  dKivod  (or  plained  by  supposing  the  deposit  of  Coalbimk 
m'S^coSSShTdj?^  Dale  to  have  originated  in  a  bay  of  the  » 
or  estuary  into  which  flowed  a  consideiable 
river  sntgect  to  occadonal  freshes.* 

One  or  more  species  of  scorpions,  two  beetles  of  the  family  Otrt*- 
lionidtB,  and  a  nenropterons  insect  resembling  the  genus  CorydaSs, 
and  another  related  to  the  I^atmida,  have  been  fonnd  at  Coalbrook 
Dale.  From  the  coal  of  Wetting  in  Westphalia  several  speameos 
of  the  cockroach  or  Blatta  &mily,  and  the  wing  of  a  ciicket 
(AeridUet),  have  been  described  by  Germar.f 

More  recently  (1854)  Hr.  Pr.  Goldenberg  has  published  de- 
scriptions of  no  less  than  twdve  species  of  insects  from  the  nodolir 
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elaj'-iron-stoDe  of  SaarbrQck  neur  Treves.*  The7  ue  uaociated 
witik  tiie  letves  and  brancbea  of  fossil  ferns.  Among  them  are 
Mvend  BlattiMa,  three  species  of  Ifetiropttra,  one  beetle  of  the 
Searai^ut  fkinilj,  a  grasshopper  or  locast,  GiyOacrii  (see  fig.  602.), 


ChI,  SurtwOck  ami  Tntm. 

and  several  white  ants  or  TemtUtM.  These  newlj  added  species 
probabl7  outnumber  all  we  knew  before  of  the  fos^  insects  of  the 
coaL 

In  the  Edinburgh  coal-field,  at  Burdiehouse,  fossil  flsh^  moUusks, 
and  cTprides  (?),  very  similar  to  those  in  Shropshire  and  Stafibrd- 
shire,  have  been  found  by  Dr.  HibberL  In  the  coal-field  also  of 
Yorkshire  there  are  freshwater  strata,  some  of  which  contain  shells 
referred  to  the  genns  Unw  ;  but  in  the  midst  of  the  series  there  is  one 
thin  but  yery  widely  spread  stratum,  abounding  in  fishes  and  marine 
shells,  such  as  GmUaiUei  Luteri  (fig.  503.),  Orthoeerat,  and  Aviatla 
pt^yraeea,  Goldf  (fig.  504.) 


IPicmpapftau,  Sow.) 

Ko  dmilarly  intercalated  layer  of  marine  shells  has  been  noticed 
in  the  neighbouring  coal-field  of  Newcastle,  where,  as  in  South 
Wales  and  Somersetshire,  the  marine  deposits  are  entirely  below 
those  containing  terrestrial  and  freshwater  remains.^ 

Clat/-iron-ittme. — Bands  and  nodules  of  clay-iron-stone  are  common 
in  cod-measures,  and  are  formed,  says  Sir  H.  De  la  Beche,  of  car- 
boDate  of  iron  mingled  mechanically  with  earthy  matter,  like  that 
constituting  the  shales.     Hr.  Hunt,  of  the  Museum  of  Practical 
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Geoli^j',  instJttited  &  Beries  of  experiments  to  iDnstrate  the  pniie- 
tion  of  this  aabstance,  and  found  that  decomposiiig  vegetable  mitter, 
such  as  woold  be  dlBtribnted  through  all  coal-atnta,  prevented  <h 
fkrther  oxidation  of  the  proto-salts  of  iron,  and  conTortad  llu  pe^ 
oxide  into  protoxide  by  taking  a  portion  of  its  oxygen  to  form  cti- 
bonic  acid.  Snch  cartxioic  acid,  meeting  witli  the  protoxide  of  ifm 
in  solution,  wonld  unite  with  it  and  form  a  carbonate  of  iron ;  ud 
this  mingling  with  fine  mud,  when  the  excess  of  carbonic  uitwu 
removed,  might  form  beds  or  nodules  of  argillaceous  iron-sloiie.* 

*  Uemoirs  of  G«oL  Snrrej,  pp.  SI.  S59,  Isc 
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CHAPTER  XXV. 

CAKBONu-EBOUS  GROUP — cojUimted. 

Cod-fields  of  tin  United  Statu— SectioD  orib«  coaatrj  between  tliB  Atlantic  and 
IbdMippi  —  FontioD  of  Und  in  the  cvbaniferoa*  period  eutwkrd  of  the  Al- 
le^uuiiei — Hechanieallj  fbrned  rocki  thinning  ont  westirird,  ud  limeMonM 
Itirkwiing — Uniting  of  manj  coal'ieami  into  one  thick  bed — Horizontal  coal 
ai  BrownirSle,  TennarlTania — Tait  extent  and  conLiniiit7  of  lingle  aeami  of 
CMl— Ancient  rifei~c)unnel  in  fomt  of  Dean  coal-field  —  Climate  of  car- 
kndleroiu  period  — Inncti  in  coal— Rarity  of  ur-braathing  animals — Great 
number  of  foaaQ  fiah  —  Elnt  diacomy  of  the  ikeletoni  of  tot^  reptiles  —  Poot- 
Jfiata  of  reptOioiu — First  land-<bell  found  —  Baritj  of  air-breathen,  whether 
nitdmie  or  inTertebrat^  in  Coal-measara —  Uonntain  limestone — Its  corals 
and  marine  shells. 

It  was  stated  in  the  Isst  chapter  that  a  great  uniformity  preTails  in 
the  foesil  plants  of  the  co&l-meaeareB  of  Europe  and  North  America ; 
■nd  I  ma;  add  ib»t  foor-fiflha  of  those  collected  in  Nova  Scotia  hftve 
been  identified  with  European  species.  Hence  the  former  exiHtence, 
at  the  remote  period  nnder  cimsideration  (the  c&rboniferous^  of  a 
contineDt  or  chain  of  islands  where  the  Atlantic  now  rolls  its  waves 
seems  a  fair  inference.  Nor  are  there  wanting  other  and  indepen- 
dent proofs  of  such  an  ancient  land  situated  to  the  eastward  of  the 
present  Atlantic  coast  of  North  America ;  for  the  geologist  deduces 
tlie  same  conclusion  from  the  mineral  composition  of  the  carbonifer- 
ous and  some  older  groups  of  rocks  as  tJbey  are  developed  on  the 
eastern  flanks  of  the  Alleghanies,  contrasted  with  their  character  in 
the  low  conntrjr  to  tike  westward  of  those  monntains. 

The  annexed  diagram  (flg.  505.)  will  assist  the  reader  in  under- 
standing the  phenomena  now  alluded  to,  although  I  must  guard  him 
■gainet  supposing  that  it  is  a  true  section.  A  great  number  of 
details  have  of  necessitj  been  omitted,  and  the  scale  of  heights  and 
horizontal  distancee  are  unavoidably  falsified. 

Starting  &om  the  shores  of  the  Atlantic,  on  the  eastern  side  of 
the  Continent,  we  first  come  to  a  low  region  (a  b),  which  was  called 
the  sUuvial  plain  by  the  first  geographers.  It  is  occupied  bj  tertiary 
and  cretaceous  strata,  before  described  (pp.  181.  232.  and  255.), 
which  are  nearly  horizontal.  The  next  belt,  from  b  to  C,  consists  of 
granitic  rocks  (hypogene),  chiefly  gneiss  and  mica-schist,  covered 
occdBicHially  with  unconformable  red  sandstone^  No.  4.  (New  Ked  or 
Trias  ?),  remarkable  for  its  footprints  (see  p.  848.).  Sometimes,  als<^ 
this  sandstone  reste  on  the  edges  of  the  disturbed  paleozoic  rocks  (as 
seen  in  the  section).  The  region  (b  c),  sometimes  called  the  "  Atlan- 
tic Slope,"  correepouda  nearly  in  average  width  with  the  low  and  flat 
plaia  (a  b),  and  is  characterised  by  hills  of  moderate  height,  con- 
trastitig  strongly,  in  their  rounded  shape  and  altitude  with  the  long. 
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Bteep,  and  lofty  pantUel  ridgee  of  the  Alleghany  moantdns.  Th« 
out-crop  of  the  strata  ia  these  ridges,  like  the  two  belta  of  hjrpogene 
and  newer  rocks  (a  b,  uid  b  c^  above  alluded  to,  when  laid  down 
on  a  geological  map,  exhibit  long  stripes  of  different  colours,  mn- 
ning  in  m  THJE.  and  S.W.  direction,  In  the  same  waj  as  the  lias, 
chalk,  and  other  secondary  formations  in  the  middle  and  eastern  half 
of  England. 

Ilie  narrow  and  parallel  cones  of  the  Appalachians,  here  men- 
tioned, consist  of  strata,  folded  into  a  succession  of  convex  and  con- 
cave  flexures,  sabsequently  laid  open  b;  denudation.  The  compo- 
nent  rocks  are  of  great  thickness,  all  referable  to  the  Silnrian, 
Devonian,  and  Carboniferous  formations.  There  is  no  principal  or 
central  axis,  as  in  the  I^renees  and  manj  other  chains — no  nucleus 
to  which  all  the  minor  ridges  conform  j  but  the  chain  consiits  of 
man^  nearly-  eqoxl  and  parallel  foldings,  having  what  is  termed  an 
anticlinal  and  sjnelinal  arrangement  (see  above,  p.  48.).  This  sys- 
tem of  iiills  extends,  geologically  considered,  from  Vermoot  to  Ala- 
bama, being  more  than  100  miles  long,  from  50  to  150  miles  broad,  and 
varying  in  height  from  2000  to  6000  feet.  Sometimes  the  whole  as- 
semblage of  ridges  runs  perfectly  straight  for  a  distance  of  more  than 
50  miles,  after  which  all  of  them  wheel  round  altogether,  and  take  a 
new  direction,  at  an  angle  of  20  or  80  decrees  to  the  first. 

We  are  indebted  to  tiie  state  inrveyors  of  Virginia  and  Fannsyl- 
vania.  Fro!  W.  B.  Bogera  and  his  brother  Prof.  K  D.  Rogers,  (m 
the  important  discovery  of  a  clue  to  the  general  law  of  structure 
prevaiUng  throughout  titis  range  of  mountain^  which,  however  sim- 
ple it  may  appear  when  once  made  out  and  clearly  explained,  might 
long  have  hosn  overlooked,  amidst  so  great  a  mass  of  complicated 
details.  It  appears  that  the  bending  and  fracture  of  the  beds  is 
greatest  on  the  south-eastern  or  Atlantic  side  of  the  chain,  and  the 
strata  become  less  and  less  distnrbed  as  we  go  westward,  until  at 
length  they  regain  their  original  or  horisontal  position.  By  refer- 
ence to  the  section  (fig.  SOS.),  it  will  be  seen  that  on  the  eastern  side, 
OF  in  the  ridges  and  troughs  nearest  the  Atlantic,  south-eastern  dips 
predominate,  in  consequence  of  the  beds  having  been  folded  back 
upon  themselves,  as  in  ^  those  on  the  north-western  side  of  each 
arch  having  been  inverted.  The  next  set  of  arches  (such  as  ^)  are 
more  open,  each  having  its  western  side  steepest ;  the  next  (/)  open 
out  still  more  widely,  the  next  (m)  still  more,  and  this  continues 
until  we  arrive  at  tiie  low  and  level  part  of  the  Appalachian  coal- 
field (p  s). 

Id  nature' or  in  &  tme  section,  the  number  of  bendings  or  parallel 
fidds  is  so  much  greater  that  they  could  not  be  expressed  in  a  dia- 
graia  without  concision.  It  is  also  clear  that  large  quantities  of 
rock  have  been  removed  by  aqneons  action  or  denudation,  as  will 
nppear  if  we  attempt  to  complete  all  the  onrvee  in  the  manner  indi- 
cated by  the  dotted  lines  at  t  and  k. 

The  movements  which  imparted  so  nnifbrm  an  order  of  arrange- 
ment to  this  vast  system  of  rocks  most  have  been,  if  not  contempo- 
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nueong.  &t  least  parts  of  one  and  the  Bame  eeriee,  depending  on  some 
common  cause.  Their  geological  date  U  well  defined,  at  least  within 
certain  limits,  for  the^  most  have  taken  place  after  the  depositioo  of 
the  carboDiferom  strata  (No.  5.),  and  before  the  forniKtion  of  the  red 
saadstonB  (No.  4^).  The  greatest  distorbing  and  denuding  force* 
have  evidently  been  exerted  on  the  south-eastern  ude  of  the  chwn; 
and  it  is  here  that  igneous  or  plutonic  rocks  are  obeerred  to  hive 
invaded  the  strata,  forming  djkes,  some  of  irhich  mn  for  miles  'm 
lines  parallel  to  the  main  direction  of  the  Appalachians,  or  NJI£ 
and  8.8. W. 

The  thickness  of  the  carboniferons  rocks  in  the  r^on  c  is  JOj 
great,  and  diminishes  rapidly  as  we  proceed  to  the  vrestward.  Htf 
surveys  of  Pennsylvania  and  Virginia  show  that  the  soath-eist  wu 
the  quarter  whence  the  coarser  materials  of  these  strata  were  deriTed, 
so  that  the  ancient  land  lay  in  that  direction.  The  conglomente 
which  forme  the  general  baee  of  the  coal-measures  is  1500  feet  thick 
in  the  Sharp  Mountun,  where  I  saw  it  (at  c)  near  PottsyiUe ;  wbenu 
it  has  only  a  thickness  of  fiOO  feet^  about  thirty  mites  to  the  north- 
west, and  dwindles  gradually  away  when  followed  still  farther  in  the 
same  direction,  until  its  thickness  is  reduced  to  30  feet.*  The  lime- 
Blonea,  on  the  other  hand,  of  the  coal-measures  angment  as  we  tnce 
diem  westward.  Similar  observations  have  been  made  in  r^ard  to 
the  Silurian  and  Devonian  formations  in  New  York ;  the  sandstmea 
and  all  the  mechanically-formed  rocks  thinning  oat  as  they  go  weri- 
ward,  and  the  limestones  thickening,  as  it  were,  at  their  expense.  It 
is,  therefore,  clear  that  the  ancient  land  was  to  the  east,  where  the 
Atlantic  now  is ;  the  deep  sea,  with  its  banks  of  coral  and  ahelle  to 
the  west,  or  where  the  hydrographical  baain  of  the  Mismasippi  ii 
now  situated. 

In  that  region,  near  Pottsville,  where  the  thickness  of  the  ooat- 
measnres  is  greatest,  there  are  thirteen  seams  of  anthracitic  coal, 
several  of  them  more  than  2  yards  thick.  Some  of  the  loweet  nS 
these  alternate  with  beds  of  white  grit  and  conglomerate  of  coarser 
grun  than  I  ever  saw  elsewhere,  associated  with  pure  coaL  The  peb- 
bles of  quartz  are  often  of  the  size  of  a  hen's  egg.  On  following  these 
pudding-stones  and  grits  for  several  miles  from  Fottsvilk^  by  Tams- 
qua,  to  the  Lehigh  Summit  Mine,  in  company  with  Mr.  H.  D. 
Rogers,  in  1841,  he  pointed  out  to  me  that  the  coarse-grained  atrsta 
and  their  accompanying  shales  gradually  thin  on^  until  seven  wanu 
of  coal,  at  first  widely  separated,  are  brought  nearer  and  nearer 
together,  until  they  succeseively  unite ;  so  that  at  last  di^  ftrm 
one  mass,  between  40  and  50  feet  thick.  I  saw  this  enohnons  bed  of 
anthracitic  coal  quarried  in  the  open  air  at  Mauch  Chunk  (or  the 
Bear  Mountun),  the  overlying  sandstone,  40  feet  diick,  having  been 
removed  bodily  &om  the  top  of  the  hill,  which,  to  use  the  miner'* 
expression,  had  been  "scalped."  The  aocumnlation  of  v^Uble 
matter  now  constitntuig  this  vast  bed  of  anthracite^  may  perii^w, 

*  H.  D.  Bogcr*,  Trana  Amoc  Amv.  Qtd,  1840-41,  f,  440. 
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before  it  waa  condensed  by  pressure  and  the  discharge  of  its 
Iijdrograi,  oxygen,  and  other  yolatile  ingredients,  have  been  between 
200  and  300  feet  thick.  The  origin  of  such  a  vast  thickness  of 
vegetable  remuns,  so  onnuxed  with  eartbj  ingredients,  can,  I  think, 
be  accounted  for  in  no  other  w»j,  than  by  the, growth,  during  thoa- 
sands  of  ;^ear8,  of  trees  and  ferns,  in  the  manner  of  peat, — a  theory 
which  the  [n««eDce  of  the  Stigmaria  m  tittt  under  each  of  the  seven 
layers  of  anthradto,  fully  bears  out  The  rival  hypothesis,  of  the 
drifting  of  plants  into  a  sea  or  estuary,  leaves  the  absence  of  sedi- 
ment, or,  in  this  case  of  sand  and  pebbles,  wholly  unexplained. 

But  the  student  will  naturally  aek,  what  can  have  caused  so  many 
seams  of  coal,  after  they  had  been  persistent  for  miles,  to  come  to- 
gether and  blend  into  one  single  seam,  and  that  one  equal  in  the 
aggregate  to  the  thickneu  of  the  several  separate  seams  F  Often  had 
the  same  qnestion  been  put  by  English  minera  before  a  satisfactory 
answer  was  given  to  it  by  the  late  Mr.  Bowman.  The  following  is 
his  Adnlaon  of  the  problem.     Let  a  a',  fig.  506.,  be  a  mass  of  vege- 


table matter,  capable^  when  condensed,  of  forming  a  8-foot  seam  of 
coaL  It  rests  on  the  underclay  b  b',  filled  with  roots  of  trees  in  titu, 
and  it  supports  a  growing  forest  (c  d).  Suppose  that  part  of  the 
same  forest  d  e  had  become  submerged  by  the  ground  sinking  dorm 
25  feet,  so  that  the  trees  have  been  partly  thrown  down  and  partly 
remain  erect  in  water,  slowly  decaying,  their  stomps  and  the  lower 
parta  of  their  trunks  being  enveloped  in  layers  of  sand  and  mod, 
which  are  gradually  filling  up  the  lake  d  v.  When  this  lake  or 
lagoon  has  at  length  been  entirely  silted  up  and  converted  into  land, 
say,  in  the  course  of  a  century,  the  forest  c  i>  wiU  extend  once  more 
continuously  over  the  whole  area  c  r,  as  iQ  flg.  507.,  and  another  mass 
of  vegetable  matter  (^^  forming  3  feet  more  of  coal,  may  accu- 
mtUato  from  O  to  r.  We  then  find  in  the  region  r,  two  seams  of 
coaI  (o'  and  ^)  each  8  feet  thick,  and  separated  by  25  feet  of  sand- 
stone and  shale,  with  erect  trees  based  upon  the  lower  coal,  while, 
between  d  and  c,  we  find  these  two  seams  united  into  a  2-yard  coal. 
It  may  be  ot^ected  that  the  uninterrupted  growth  of  plants  during 
the  interral  of  a  century  will  have  caused  the  vegetable  matter  in 
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the  ragi<»  C  D  to  be  tfaickra'  than  the  two  disdnct  aeanu  a'  ud  ^  at 
r ;  and  no  doubt  there  would  actoallj  be  a  slight  ezceas  repreMoting 
one  generation  of  treee  with  the  remains  of  other  plants,  Ibnaing 
half  an  inch  or  ao  inch  of  coal ;  bnt  this  woold  not  pcerait  the 
miner  from  affirming  that  the  seam  a  g,  thnmghoat  the  am  c  i^ 
was  equal  to  the  two  seams  a'  and  ^  at  f. 

The  reader  has  seen,  bj  reference  to  the  section  (flg.  JS06.  ^ 
392.),  that  the  strata  of  the  Appalachian  coal-field  sssiime  aa 
horizontal  position  west  of  the  mountains.  In  that  leas  elented 
country,  the  coal'measures  are  intersected  bj  three  great  naTigable 
rivers,  and  are  capable  of  suppljing  for  ages,  to  the  inbabitana  of  a 
densely  peopled  region,  an  inexhaustible  supply  of  fnd.  These 
rlTen  bm  the  Monongahela,  the  Alleghany,  and  the  Ohio^  aU  d 
which  lay  open  on  their  banks  the  level  seams  of  ooaL  Lookii^ 
down  the  fint  <S  these  at  BrovrnBTilIe,  we  have  a  fine  view  of  the 
main  seam  of  bitaminous  coal  10  feet  thick,  commonly  called  the 
Pittsburg  seam,  breaking  out  in  the  steqi  cliff  at  the  watet's  edge; 
and  I  made  the  accompanying  sketch  of  its  appfarance  from  tlie 
bridge  over  the  river  (see  fig.  508.).  Here  the  coal,  10  feet  thick,  is 
covered  by  carbonaceous  shale  (hi),  and  this  again  by  micaceoai  sand- 
atone  (c).  Horizontal  galleriea  may  be  driven  everywhere  at  veiy 
slight  expense,  and  so  worked  as  to  drun  themselves  while  the  car^ 
laden  widi  coal  and  attached  to  each  other,  glide  down  on  a  taSwi;, 
80  as  to  deliver  their  burden  into  barges  moored  to  the  river's  bsok. 
The  same  seam  is  seen  at  a  distance,  on  the  right  bank  (at  a),  ud 
may  be  followed  the  whole  way  to  Pittsburg,  fifty  miles  distant  As 
it  is  nearly  horizontal,  while  the  river  descends  it  crops  out  at  a  coo- 
tinually  increasing,  but  never  at  an  inconvenient  b^bt  above  the 
Monongahela.  Below  the  great  bed  of  coal  at  Brownsville  is  a  fire- 
clay 18  inches  thick,  and  below  this,  several  beds  of  limestone,  bdo« 
which  again  are  other  coal  seams.  I  have  also  shown  in  my  Aetch 
another  layer  of  workable  coal  (at  d  d),  which  breaks  out  on  die 
slope  of  the  hills  at  a  greater  height.  Here  almost  every  {ffoprietor 
can  open  a  coal-pit  on  his  own  land,  and  the  stratification  being  leij 
tegular,  he  may  calculate  with  preciwon  the  depth  at  which  coal  m^ 

The  Appalachian  coal-field,  of  which  these  strata  form  a  put 
(firom  c  to  B,  section,  fig.  505.,  p.  392.),  is  remarkable  for  its  viat 
area ;  for,  according  to  Professor  H.  D.  Rogers,  it  stretches  eonliiiD- 
ovsly  from  N.E.  to  S.W.,  for  a  distance  of  720  miles,  its  greatest 
width  bdng  about  ISO  miles.  On  a  moderate  estimate,  its  saperfctil 
area  amounts  to  63,000  square  miles. 

This  coal-formation,  before  its  original  limits  were  reduced  b; 
denadation,  must  have  measured  900  miles  in  length,  and  in  tarn* 
places  more  than  200  miles  in  breadth.  By  again  referring  to  the 
secticm  (fig.  S05.,  p.  992.),  it  will  be  seen  that  the  strata  of  cosl  ere 
faorizontBl  to  the  westward  of  the  mountains  in  the  r^on  d  i,  end. 
become  more  and  more  inclined  and  folded  as  we  proceed  eastwtri 
Kow  it  ia  invariably  foond,  as  Professor  H.  D.  Bogera  has  shows  bf 
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chemical  aoal^a,  that  the  coal  is  most  bitamioons  towards  its 
irestem  limit,  where  it  remains  level  and  anbrokea,  and  that  it 
becomes  pn^iressiTely  debitnminized  as  we  travel  south-eastward 
towards  tiie  more  bent  and  distort«d  rocks.  Thus,  on  the  Ohio,  the 
proportion  of  hydrogen,  oxygen,  and  other  volatile  matters  ranges 
from  for^  to  Rtty  per  cent    Eastward  of  this  line,  on  the  Mououga- 
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hela,  it  still  approacheB  forty  per  cent.,  where  the  Btrats  begin  to  ex- 
perience Bome  gentle  flexures.  On  entering  the  Alleghany  Monn- 
tains,  where  the  distinct  anticlinal  axes  begin  to  show  thenuelTo, 
hnt  before  the  dialocationE  are  considerable,  the  volatile  matter  ii 
generallj  in  the  proportioo  of  eighteen  or  twenty  per  cent  At 
length,  when  we  arrive  at  some  insulated  coal-fielda  (5',  fig.  505.)  u- 
Bociated  with  the  boldest  flexuree  of  the  Appalachian  cluun,  wbete 
the  Btrata  have  been  actually  turned  over,  as  near  Pottsville,  we 
find  the  coal  to  contain  only  from  six  to  twelve  per  cent,  of  bitomen, 
thus  becoming  a  genuine  anthracite.* 

It  appears  from  the  researches  of  Liebig  and  other  eminent 
chemists,  that  when  wood  and  vegetable  matter  are  buried  in  the 
earth  exposed  to  moisture,  and  partially  or  entirely  excluded  &Dm 
the  air,  they  decompose  slowly  and  evolve  carbonic  acid  gas,  thu 
parting  with  a  portion  of  their  original  oxygen.  By  this  meuu, 
they  become  gradually  converi^d  into  lignite  or  wood'Coal,  which 
contuns  a  lai^;er  proportion  of  hydrogen  than  wood  does.  A  con- 
tinuance of  decomposition  changes  this  lignite  into  common  or  bitn- 
minons  coal,  chiefly  by  t^  discharge  of  carburetted  hydrogen,  or  the 
gas  by  which  we  illuminate  our  streets  and  houses.  According  to 
Bischof^  the  inflammable  gases  which  are  always  escaping  from 
mineral  coal,  and  are  so  ofl^  the  cause  of  fatal  accidents  in  flunea, 
always  contun  carbonie  acid,  carburetted  hydrogen,  nitrt^en,  ami 
olifiant  gas.  The  disengagement  of  all  tiiese  gradoally  tranafuvis 
ordinary  or  bitaminoua  coal  into  anthradte,  to  which  the  varioos 
names  of  splint-coal,  gluice-coal,  hard-coal,  culm,  and  many  others 
have  been  given. 

We  have  seen  that,  in  the  Appalachian  coal-field,  there  is  u 
intimate  connection  between  the  extent  to  which  the  coal  has  parted 
with  its  gaseous  contents,  and  the  amount  of  disturbance  which  the 
strata  have  undergone.  The  coincidence  of  these  phenomena  miy 
be  attributed  partly  to  the  greater  facili^  afforded  for  the  escape  of 
volatile  matter,  where  the  fracturing  of  the  rocks  had  produced  tn 
infinite  number  of  cracks  and  crevices,  and  also  to  the  heat  of  the 
gases  and  water  penetrating  these  cracks,  when  the  great  movements 
took  place,  which  have  rent  and  folded  the  Appalachian  strata.  It 
is  weU  known  that,  at  the  present  period,  thermal  waters  and  hot 
vapours  burst  out  from  the  earth  during  earthquake^  and  these 
would  not  fail  to  promote  ih6  disengagement  of  vdatile  matter  &om 
the  carboniferous  rocks. 

Ctrntinuity  of  teams  of  eoal — As  single  seams  of  coal  are  con- 
tinuous over  very  wide  areas,  it  has  been  asked,  how  forests  cooH 
have  prevailed  uninterruptedly  over  euch  wide  spaces.  Ja  reply,  it 
may  be  said  that  Bwamp-forests  in  one  delta  may  extend  for  25,  SO, 
or  100  miles,  while  in  a  contignons  delta,  as  on  the  borders  of  the 
Gulf  of  Mexico,  another  of  precisely  the  same  character  may  be 
growing ;  and  these  may  in  uTter  ages  appear  to  geobgiats  to  ban 

■  l^aog.  of  Aswc.  of  Amsr.  GeoL,  p,  470. 

i,i,,,,,-..i^,Goo<^lc 


Ch.  XXV.]  CLIMATE  OF  COAL  PSBIOD.  399 

been  coDtinqoiie,  although  ia  fact  the^  were  Bimplj  contemporaneous. 
Denudation  iukj  easily  be  imagined  in  such  cases  as  the  cause  of  ia- 
termptione,  which  wore  in  fact,  original.  But  as  in  all  the  American 
coal-fields  there  are  ntunerons  root-beds  without  any  superincumbent 
coal,  we  may  presume  that  freqnentlj  layers  of  TCgetable  matter 
were  removed  by  floods ;  and  in  other  cases,  where  the  atigm  aria-clays 
ue  for  a  certun  space  covered  with  coal,  and  then  prolonged  wiOi- 
out  say  such  covering,  the  inference  of  partial  denudation  is  still 
more  obvious. 

In  the  Forest  of  Dean,  ancient  river-chaauels  are  found,  which 
pass  through  beds  of  coal,  and  in  which  rounded  pebbles  of  coal 
occur.  They  are  of  older  date  than  the  overlying  and  undisturbed 
coal-measures.  The  late  Mr.  Buddie,  who  described  them  to  me, 
told  me  he  had  seen  similar  phenomena  in  the  N'ewcastle  coal-field^ 
Nevertheless,  instances  of  these  channels  are  much  more  rare  than 
we  might  have  anticipated,  especially  when  we  remember  how  often 
the  roots  of  trees  (^Stifftaarite)  have  bees  torn  up,  and  drifted  in 
broken  fragments  into  the  grits  and  sandstones.  The  prevalence  of 
a  downward  movement  is,  no  doubt,  the  principal  cause  which  has 
saved  so  many  extensive  seams  of  coal  from  destruction  by  fluviatile 
action. 

donate  of  Coal  Period. — So  long  as  the  botanist  taught  that  a 
tropical  climate  was  implied  by  the  carboniferous  flora,  geologists 
might  well  be  at  a  loss  to  reconcile  the  preservation  of  30  much  vege- 
table matter  with  a  high  temperature ;  for  heat  hastens  the  decompo- 
sition of  fallen  leaves  and  trunks  of  trees,  whether  in  the  atmosphere 
or  ia  water.  It  is  well  known  that  peat,  so  abundant  in  the  bogs  of 
high  latitudes,  ceases  to  grow  in  the  swamps  of  warmer  regions. 
It  seems,  however,  to  have  become  a  more  and  more  received  opinion, 
that  the  coal-plants  do  not,  on  the  whole,  indicate  a  climate  resem- 
bling that  now  enjoyed  in  the  equatorial  zone.  Tree-ferns  range  as 
far  south  as  the  southern  part  of  New  Zealand,  and  Araacarian  pines 
occur  in  Norfolk  Island.  A  great  predominance  of  ferns  and  lyco- 
podiums  indicates  moisture,  equability  of  temperature,  and  fre^om 
from  frost,  rather  than  intense  heat ;  and  we  know  too  little  of  the 
sigillariae,  calamites,  asterophyllites,  and  other  peculiar  forms  of  the 
carboniferous  period,  to  be  able  to  speculate  with  confidence  on  the 
kind  of  climate  they  may  have  required. 

The  same  may  be  said  of  the  corals  and  cephalopoda  of  the 
Mountain  Limestone, — they  belong  to  families  of  whose  climatal 
habits  we  know  nothing ;  and  even  if  they  should  be  thought  to 
imply  that  a  warm  temperature  cbaracteriEed  the  northern  seas  in 
the  carboniferous  e^t^  the  absence  of  cold  may  have  given  rise  (as  at 
present  in  the  seas  of  the  Bermudas,  under  the  influence  of  the 
gulf-stream)  to  a  very  wide  geographical  range  of  stone-building 
corals  and  shell-bearing  cuttle-fish,  without  its  being  necessary  to 
call  in  the  aid  of  tropical  beat 
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Where  wb  have  eridence  in  a  eingte  coal-field,  as  in  tliat  of  Non 
Scotia,  or  of  South  Wales,  of  fifty  or  even  a  hundred  ancient  fonsU 
buried  one  above  the  other,  with  the  root^  of  trees  Btill  in  tbeir 
original  posidoo,  and  with  some  of  the  trunks  BtiS  remaining  erect, 
we  are  apt  to  wonder  that  until  the  year  J844  no  remains  of  contem- 
poraneous air-breathing  creatures  should  have  been  diacovered.    No 
vertebrated  animals  more  highly  organized  than  fish,  no  mammalii 
or  birds,  no  sauriaus,  frogs,  tortoises,  or  snakes  were  known  in  rocb 
of  such  high  antiquity.     In  the  coal-fields  of  Europe  mention  hu 
been  made  of  beetles,  locusts,  and  a  few  other  insects,  bat  no  land- 
shells  have  even  now  been  met  with.     Agassiz  described  in  his  great 
work  on  fossil  fishes  more  thau  one  hundred  and  fifty  species  of  ich- 
thyolites  from  the  coal-strata,  ninety-four  belonging  to  the  families  of 
shark  and  ray,  and  fitly-eight  to  the  class  of  gancads.    Some  of  thete 
fish  are  very  remote  in  their  organization  from  any  now  living,  espe- 
cially those  of  the  fiunily  called  Sauroid  by  Agassis ;  as  Megaiici- 
thyt,  Hoioptyehivt,  and  others,  which  were  often  of  great  siae,  and  iH 
predaceous.     Tlieir  osteology,  says  M.  Agassiz,  reminds  us  in  vanj 
respects  of  the  skeletons  of  saurian    rcptilea, 
boU>  by  the  close  sutores  of  the  bones  of  the 
skull,  Uieir  large  conical  teeth  striated  longtbi- 
dinally  (see  fig.  S09.),  the  articulations  of  the 
spinous  processes  with  the  vertebnc,  and  other 
characters.     Yet  they  do  not  form  a  &mily  ia- 
termediate  between  fish  and  reptiles,  but  are 
true  fitk,  though  doubtless  more  highly  or- 
ganized than  any  living  fish.* 

The  annexed  figure  represents  a  large  tooth 
of  the  Holoptyekiut,  found  by  Mr.  Homer  in  the 
Cannel  coal  of  Fifeshire.    lliis  fish  probably  in- 
habited an  estuary,  like  many  of  its  contempo- 
raries, and  frequented  both  rivers  and  the  sea. 
At  length,  in  1844,  the  first  skeleton  of  a  true 
Biii«pft:Umi  Hiiirm,  Am.  •^P'^'^  wos  onnounccd  from  the  coal  of  Miinster- 
■^wi-'MimjIli*'        Appel  in  Rhenish  Bavaria,  by  H.  von  Meyer, 
under    the   name    of    Apateon  pedestris,  the 
animal  being  supposed  to  be  nearly  related  to  the  salamondera.   Tlree 
years  later,  in  1847,  Prof,  von  Dechen   found  in  the   coal-fidd  of 
Saarbriick,  at  the  village  of  Lebach,  between  Strasburg  and  Trevea, 
the  skeletons  of  no  less  than  three  distinct  species  of  air-breath- 
ing   reptiles,  which  were  described  by  the    late  Prof    Goldfius 
under  the  generic  name  of  Arehtgotaurut.     The  ichthyolites  and 
plants  found  in  the  same  strata  lefl  no  doubt  that  these  remains 
belonged  to  the  true  coal  period.     The  skulls,  teeth,  and  the  greater 
portions  of  the  skeleton,  nay,  even  a  large  port  of  the  skin,  of  two 


*  AgMMi,  Poin.  Fou.  toL  iL  p.  BS,  ftc. 
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'^  *'"■  of  these  reptiles  h»Te  been 

Guthfull;  preBerred  in  the 
centre  of  spheroidal  con- 
cretioas  of  claj-iron-Btone. 
The  largest  of  these  lizards, 
Arehegosaurut      Deekeni, 
must  have   been  3  feet  6 
inches  long.     The  annexed 
drawing     represents     the 
skull   and   neck  bones  of 
the  smallest  of  the  three, 
.   of  the  natural  size.     Tfaej 
I   were  considered  by  Gold- 
fuss  as  saurians,    but  hj 
Herman  von  Uejer  as  moat 
nearly  allied  to  the  Laby- 
rinthodon,  and  therefore,  as 
before  expluned  (p.  342.), 
having    many    characters 
intermediate  between   ba- 
trachians     and     saurians. 
The  remains  of  the  extre- 
mities leave  no  doubt  that 
they      were     quadrupeds, 
"  provided,"      says      Von 
A.ri.yMiiri»-*y»-.Cnidfi.H.  FwiiU»paiifhiM     Meyer,  "with    hands  and 
feet  terminating  m  distinct 
toes ;  bat  tfaeae  limbs  were  weak,  serving  only  for  swimming  or 
creeping."     The  same  anatomist  has  pointed  out  certain  points  of 
analogy  between   their   bones  and 
~    "  those  of  the  Proteus  anguimu ;  and 

Prof.  Owen  haa  observed  (o  me  that 
they  make  an  approach  to  the  Pro- 

_^^^ teut  in  the  shortness  of  their  ribs. 

i>i.briuM  co--rin,  of  Ala  or  Jrcwo-      Two  specimens  of  these  ancient  rep- 
"""nuI^Brf.^'" '  t'l^  retiun  a  large  part  of  the  outer 

skin,  which  consisted  of  long,  nar- 
row wedge-shaped,  tile-like,  and  horny  scales,  arranged  in  rows 
(see  fig.  fill.). 

Cheirotherian  footprintt  in  eoal-nteatwei.  United  Statet. — In 
1844,  the  very  year  when  tbe  Apateon  or  Salamander  of  the  coal 
was  first  met  with  in  the  country  between  the  Moselle  and  the 
Rhine,  Dr.  King  published  an  account  of  ^e  footprints  of  a  large 
reptile  discovered  by  him  in  North  America.  These  occur  in  the 
coal-strata  of  Greensburg,  in  Westmoreland  County,  Pennsylvania  ; 
and  I  had  an  opportunity  of  examining  tliem  in  1846.  I  was  at  once 
convioced  of  their  genuineness,  and  declared  my  conviction  on  thti 

*  Goldfius,  Stut  Jenaisctie  Lit.  Zeit.,  1848  ;  and  Ton  Mejer,  Qniut.  GeoL 
JoDm.,  ToL  ir,  IdiscelL  p.  51. 
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point,  on  which  doubts  had  been  entertained  both  !n  Eorope  tad  the 
United  States.  '  The  footmarkB  were  first  observed  standing  oat  in 
relief  from  the  lower  surface  of  slabs  of  sandstone,  resting  on  this 
laj'ers  of  fine  noctuoas  claf .  I  brought  away  one  of  these  nusse^ 
which  is  represented  in  the  accompanj  drawing  (fig.  512.).    It  die 


plays,  together  with  footprints,  the  casts  of  cracks  (a,  o^  of  varioos 
sizes.  The  origin  of  such  cracks  in  clay,  and  casts  of  the  same,  has 
before  been  explained,  and  referred  to  the  drying  and  shrinking  of 
mnd,  and  the  subsequent  pouring  of  sand  into  open  crevices.  It  will 
be  seen  that  some  of  the  cracks,  as  at  b,  e,  traverse  the  footprints, 
and  produce  distortion  in  them,  as  might  have  been  expected,  for  the 
mud  must  have  been  soft  when  the  animal  walked  over  it  and  left 
the  impressions  ;  whereas,  when  it  afterwards  dried  up  and  ahrank, 
it  would  be  too  hard  to  receive  such  indentations. 

No  less  than  twenty-three  footsteps  were  observed  by  Dr.  King  in 
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the  RBme  qtarry  before  it  vu  nbandoned,  the  greKler  part  of  them 
w>  arnuiged  (see  fig.  513.)  on  the  surface  of  one  Btrsttun  aa  to  implj 


that  thej  were  made  snccegsiTely  b^  the  same  animal.  ETerywhere 
there  was  a  donble  row  of  tracks,  and  in  each  row  thef  occur  in 
puni,  each  pair  consisting  of  a  hind  and  fore  foot,  and  each  being  at 
nearly  equal  distances  from  the  next  pair.  In  each  paraOel  row  the 
toes  torn  the  one  set  to  the  right,  the  other  to  the  left  In  the 
EnTopean  CheirotheriuTH,  before  mentioned  (p.  339.),  both  the  hind 
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and  the  fore  feet  hive  each  five  toei,  uid  the  sice  of  the  bind  foot  it 
tboat  five  times  as  large  u  the  fore  foot.  In  the  Americaa  foaiil 
the  posterior  footprint  is  not  even  twice  as  large  as  the  anterior, 
and  the  number  of  toes  is  unequal,  being  five  in  the  binder  and  foor 
in  the  anterior  foot.  In  this,  as  in  the  European  CheirotktTiMM,w» 
toe  stands  out  like  a  thumb,  and  these  thumb-like  toes  turn  the  cms 
set  to  the  right,  and  the  other  to  the  left.  The  American  Chtm- 
theriwa  wis  evidentlj  a  broader  animal,  and  belonged  to  a  distinct 
genus  from  that  of  the  triaasic  age  in  Europe.* 

We  may  assume  that  the  reptile  which  left  these  prints  on  the 
ancient  sands  of  the  coal-measures  was  an  air-breather,  because  iti 
weight  would  not  have  been  sufBcient  under  water  to  have  made 
impressions  so  deep  and  distinct.  The  same  conclusion  ia  also  borne 
out  hj  the  casts  of  the  cracks  above  described,  for  they  show  thit 
the  clay  had  been  exposed  to  the  air  and  sun,  so  as  to  have  dried  and 
shrunk. 

The  geological  position  of  the  sandstone  of  G-reensburg  is  perfectly 
clear,  being  situated  in  the  midst  of  the  Appalachian  coal-field, 
having  the  main  bed  of  coal,  called  the  Pittsburg  seam,  above  men- 
tioned (p.  396-),  3  yards  thick,  100  feet  above  it,  and  worked  in  the 
neighbourhood,  with  several  other  seams  of  oool  at  lower  levels. 
The  impressions  of  Lepidodmdron,  Siffillaria,  Stigntaria,  and  other 
characteristic  carboniferous  plants  are  found  both  above  and  below 
the  level  of  the  reptilian  footsteps. 

Analogous  footprints  of  a  large  reptile  of  stOl  older  date  were 
afterwards  found  (1849)  at  Fottsville,  70  miles  N.E.  of  Philadelphia, 
by  Mr.  Isaac  Lea,  in  a  formation  of  red  shales,  called  No.  XL  by 
Prof.  H.  D.  Rogers,  in  the  State  Survey  of  Pennsylvania,  and  re- 
ferred by  him  to  the  base  of  the  coal,  but  regarded  by  some  gcdo- 
gists  as  the  uppermost  part  of  the  Old  Red  Sandstone.  A  thickneu 
of  1700  feet  of  strata  intervenes  between  the  footprints  of  Greem- 
burg,  before  described,  and  these  older  Pottsville  impresuons.  In 
tbe  same  Red  Shale,  No.  XL,  the  "  debateable  ground "  between 
the  Carboniferous  and  Devonian  group,  Fro£  H.  D.  Sogers  an- 
nounced in  1851  that  he  had  discovered  other  footprints,  referred 
by  him  to  three  species  of  quadrupeds,  all  of  them  five-toed  and  m 
double  rows,  with  an  opposite  symmetry,  as  if  made  by  right  and 
left  feet^  while  they  likewise  display  the  alternation  of  fore  foot  and 
hind  foot  One  species,  the  largest  of  the  three,  presents  a  diameter 
for  each  footprint  of  about  two  inches,  and  shows  the  fore  and  hiod 
feet  to  be  nearly  equal  in  dimensions.  It  exhibits  a  length  of  stride 
of  about  nine  inches,  and  a  breadth  between  the  right  and  lefl  foot- 
steps of  nearly  four  inches.  The  impressions  of  the  hind  fbet  are  but 
little  in  the  rear  of  the  fore  feet  The  animal  which  made  them  is 
supposed  to  have  been  allied  to  a  Saurian,  rather  than  to  a  Batn- 
chian  or  Cbelonian.  With  these  footmarks  were  seen  shrinkage 
cracks,  such  as  are  caused  by  the  sun's  heat  in  mud,  and  rain-spots, 
with  the  signs  of  the  trickling  of  water  on  a  wet,  sandy  beach ;  all 
*  See  Ljell'i  Second  Visit,  fte.,  vtd.  fi.  p.  S09. 
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confirming  the  coaclnsion  derired  from  tbo  footprinte^  that  the 
qmtdrapods  belonged  to  ur-breathers,  and  not  to  aquatic  races. 

In  1852  the  flrat  osaeous  remains  of  a  reptile  irere  obtained  from 
the  coal-meaenres  of  America  bj  Hr.  Dawson  and  myself.  We  de- 
tected them  in  the  interior  of  one  of  the  erect  SigiUariie  before  al- 
luded to  as  of  such  frequent  occurrence  in  Nova  Scotia.  The  tree 
was  about  two  feet  in  diameter,  and  consisted,  as  usual,  of  an  ex- 
ternal cylinder  of  bark,  converted  into  coal,  and  an  internal  stony- 
axis  of  black  sandstone,  or  rather  mad  and  sand  stained  black  by 
carbonaceom  matter,  and  cemented  together  with  fragments  of  wood 
into  a  rock.  These  fragments  were  in  the  state  of  charcoal,  and 
seem  to  hare  faUen  to  the  bottom  of  the  hallow  tree  while  it  was 
rotting  sway.  The  skull,  jaws,  and  rertehne  of  a  reptile,  probably 
about  24  feet  in  length  {Dendrerptbm  Aeadianvm,  Owen),  were 
scattered  through  this  stony  matrix.  The  shell  also  of  a  Pupa,  the 
first  pulmoniferous  moUnsk  ever  met  with  in  the  coal,  was  obserred 
in  the  same  stony  mass.  Dr.  Wyman  of  Boston  pronounced  the 
reptile  to  be  allied  in  structure  to  Mertobranehu*  and  Menopoma, 
species  of  batrschians,  now  inhabiting  the  North  American  rivers. 
The  same  view  was  afterwards  confirmed  by  Frof.  Owen,  who  also 
pointed  out  the  resemblance  of  the  cranial  plates  to  those  seen  in  the 
skull  of  Amkegotaunu  and  Labyrwthodon.''  Whether  the  creature 
had  crept  into  the  hollow  tree  while  its  top  was  still  open  to  the  air, 
or  whether  it  was  washed  in  with  mud  during  a  flood,  or  in  what- 
erar  other  manner  it  entered,  must  be  matter  of  conjecture. 

Footprints  of  two  reptiles  of  different  sizes  had  previously  been 
observed  by  Dr.  Harding  and  Dr.  Gesner  <m  ripple-marked  flags  of 
the  lower  coal-measures  In  Nova  Scotia,  evidently  made  by  quad- 
rupeda  walking  on  the  ancient  beach,  or  out  of  the  water,  just  as  the 
recent  Menopoma  is  sometimes  observed  to  do. 

In  18^3  FioC  Owen  announced  the  first  discovery  of  fbssil  rep- 
tilian remains  in  the  British  Coal-Measurea ;  and,  in  1854,  the  same 
osteologist  described  a  "sanroid  batrachian,"  of  the  Labyrinthodon 
family,  obtained  by  Mr.  Dawson,  irom  the  coal  of  Ficton  in  Nova 
Scotia. 

Thus  in  ten  years  (between  1844  and  1854)  the  skeletons  or  bones 
of  no  less  than  seven  carboniferous  reptiles,  referred  to  five  genera, 
were  brought  to  light ;  to  say  nothing  of  numerous  reptilian  foot- 
prints, wme  of  them  too  lai^  to  belong  io  the  same  species  as  the 


Sariij/  of  vertd>rate  and -invertdrale  Air-breaAtrt  m  CoaL 
BefOTe  the  earliest  date  above  mentioned  (1844)  it  was  common  to 
bear  geologists  insisting  on  the  non-existence  of  vertebrate  animals 
of  a  higher  grade  than  fishes  in  the  Goal,  or  in  any  rocks  older  than 
the  Permian.  Even  now,  it  may  he  said,  that  we  have  scarcely 
made  any  progress  in  obtaining  a  knowledge  of  the  terrestrial  fauna 
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of  the  cool,  aince  the  reptiles  above  ennmerated  seem  to  hiTe  been 
all  amphibious.  Negative  evidence  ahonld  have  its  doe  irdght  is 
paleontological  reasonings  and  speculations,  but  ve  are  as  yet  quite 
unable  to  appreciate  its  value.  In  the  United  States,  about  5  mil- 
lions of  tons  of  native  coal  are  annually  extracted  from  the  coal- 
measures,  jet  no  fosail  insect  has  jet  been  met  with  in  the  carboni- 
ferous rocks  of  North  America.  Ought  we  then  to  conclnde  that  tt 
the  period  of  the  coal  insects  were  nnrepreaenled  in  the  forests  of 
the  Western  World  ?  In  like  manner,  no  land-shell,  no  Helii:,  Bu- 
limns,  Pupa,  or  Clausilio,  nor  any  aqnatic  pulmoniferons  moIlDEk, 
such  as  Limnens  or  Planorbis,  is  recorded  to  have  come  bmh  the 
coal  of  Europe,  worked  for  centuries  before  America  was  diicoveral, 
and  now  quarried  on  so  enormous  a  scale.  Can  wc  infer  that  land- 
shells  were  not  called  into  existence  in  European  latitude  imtil 
after  the  carboniferous  period  ? 

The  theory  of  progressive  development  would  account  readily  for 
the  absence  of  Chelonian  and  Sanrian  reptiles,  or  of  Birds  and  Uim- 
mals,  from  the  Coal-Measures,  because  the  condition  of  the  planet  it 
supposed  to  have  been  too  immature  and  unsettled  to  permit  ereatnies 
enjoying  a  higher  development  than  batrachiane  to  find  a  fit  domicile 
therein.  But  this  same  theory  leaves  the  scarcify  of  the  bverie- 
brata,  or  the  entire  absence  of  many  important  classes  of  them,  wholly 
imexplained.  When  we  generalize  on  this  Baligoct^  we  must  not 
forget  that  the  eighteen  or  twenty  individual  insects  and  land-shells 
met  with  in  the  coal  (and  most  of  these  very  recently  found),  sie 
scarcely  double  the  number  of  the  carboniferous  reptiles  which  have 
been  established  within  the  last  ten  years  on  the  evidence  of  bones 
and  footprints.  Yet  our  opportunities  of  examining  strata  formed 
in  close  connection  with  ancient  land  exceed  in  this  case  ill  that  we 
enjoy  in  regard  to  any  other  formations,  whether  primary,  secoodiry, 
or  tertiary.  We  have  ransacked  hundreds  of  soils  replete  with  the 
fossil  roots  of  trees,  —  have  dug  out  hundreds  of  ereot  trunks  ind 
stomps,  which  stood  in  the  position  in  which  they  grew, — htn 
broken  up  myriads  of  cubic  feet  of  fuel  stiU  retaining  its  vegetahle 
structure, —  and,  after  all,  we  continue  almost  as  much  in  the  duk 
respecting  the  invertebrate  (ur-breathers  of  this  epoch,  ss  if  the 
Coal  had  been  thrown  down  in  mid-ocean.  The  age  of  the  plane^ 
or  its  tmprepared  state  to  serve  as  a  dwelling  place  for  oq^K^ 
beings,  cannot  explain  the  enigma,  becanse  we  know  that  while  the 
land  supported  a  luxuriant  vegetation,  the  contemporaoeons  seu 
swarmed  with  life — with  Articulata,  Mollusca,  Radiata,  snd  Niee. 
We  must,  therefore,  collect  more  facts,  if  we  expect  to  solve  a  pro- 
blem, which,  in  the  present  state  of  science,  cannot  but  excite  oiir 
wonder  ;  and  we  must  remember  how  much  the  conditions  of  this 
problem  havo  varied  within  the  last  ten  years.  Meanwhile  let  ns** 
content  to  impute  the  scantiness  of  oar  data  chiefly  to  our  vsnt  of 
skill  as  collectors  and  interpreters,  but  partly  also  to  our  ignortnce 
of  the  laws  which  govern  the  fossilization  of  land-animals,  whether 
of  high  or  low  degree. 
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CABBOHITKXOUS  OR  KOUKTAIN  UXEeTOm. 

It  has  been  alreadj  stated  (p.  362.),  that  this  formation  onderlies 
the  Coal-Ueasnree  in  tbe  South  of  England  and  Walea,  whereas  in 
the  North  and  io  Scotland  marine  limeBtones  alternate  with  Coal- 
Ueaanres,  orwith  shales  and  sandstones,  sometimes  containing  aeanu 
of  CoaL  In  its  most  calcareouB  form  the  Moontain  Limestone  is 
destitute  of  land-plants,  and  is  loaded  with  marine  remains, — the 
greater  part  indeed  of  the  rock  being  made  up  bodilj  of  corals  and 
crinoidfi. 

The  Corals  deserve  especial  notice,  as  the  cup-shaped  kinds,  which 
have  the  most  tnassive  and  stonj  skeletons,  ^splaf  peculiarities  of 
stmctore  bj  which  they  may  be  distinguished,  as  MM.  Milne 
Edwards  and  Haime  first  pointed  out,  from  all  species  found  in 
Btrsta  newer  than  the  Permian.  There  is,  in  short,  an  ancient  or 
FaUoxoie,  and  a  modem  or  Neozoic  type,  i^  by  the  latter  term,  we 
designate,  (ss  proposed  by  Frof.  £.  Forbes)  all  strata  from  the  tri- 
asuc  to  the  most  modem,  inclusive.  The  accompanying  diagrams 
(figs.  514,  SIS.)  may  illustrate  these  types ;  and,  although  it  may  not 
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slways  be  easy  for  any  but  a  practised  naturaUst  to  recognise  the 
pointe  of  stmcture  here  deacribed,  every  geologist  should  understand 
^  as  the  reality  of  the  distinction  is  of  no  small  theoretical 
interest. 
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It  will  be  seen,  that  the  more  uicient  oorala  have  what  is  called  a 
quadripartite  arrHngement  of  the  stooy  plates  or  lamtUa, — parts  of 
die  skeleton  which  support  the  organs  of  reproducdon.  The  namber 
of  these  lamellsa  in  the  paleozoic  tjpe  is  4,  8,  16,  ftc. ;  while  in  the 
newer  tjpe  the  number  is  always  6,  12,  24,  or  some  other  multiple 
of  six  ;  and  this  holds  good,  whether  thej  be  simple  cop^ike  forms, 
as  in  figa.  514.  a  and  51S.  a,  or  aggregate  clusters  of  cups  as  in 
514.  c. 

It  is  not  enough,  therefore,  to  aaj  that  the  primary  or  more  an- 
cient corals  are  all  genericallj  and  specificall;  dissimilar  from  the 
secondary,  tertiary,  and  living  corals, —  for,  more  than  this,  they 
belong  to  distinct  Orders,  althoogh  often  so  like  in  outward  totm 
as  to  have  been  referred  in  many  cases  to  living  reef-building  genera 
Hence  we  must  not  too  confidently  draw  conclnsions  &om  the 
modern  to  the  paleozoic  polyps,  respecting  climate  and  the  temper- 
ature of  the  waters  of  the  primeval  seas,  inasmuch  as  the  two  groups 
of  zoophytes  are  constructed  on  essentially  difibrent  types.  When 
the  great  number  of  the  paleoioic  and  neoioic  species  is  taken  into 
account  it  is  tmly  wonderful  to  find  how  constant  the  rule  aboTS 
explained  holds  good ;  only  one  exception  having  as  yet  occurred  of 
a  quadripartite  coral  in  a  neozoic  formation  (the  cretaceous),  and  one 
only  of  the  sextuple  class  (a  Fungia  ?)  in  pdeozoic  (Silurian)  rocks. 

From  a  great  number  of  lamoUiferous  corals  met  with  in  the  Hoon- 
tain  Limestone,  two  species  have  been  selected,  as  having  a  very 
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wide  range,  extending  from  the  eastern  borders  of  Russia  !'>  ^ 
British  Isles,  and  being  found  almost  everywhere  in  each  coouCiy- 

These  fossils,  together  with  nnmerons  species  of  Zaphmtit,  Ab- 
plexus,  Cyathophyllum,  Clitiophi/llujH,  S>/ruigopoTa,miMiehtiM<i  < 
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form  a  group  widely  different  from  tmj  that  preceded  or  followed 

Of  the  Bryozoa,  the  prevuling  forma  are  Fetuiletla  and  I\ffy- 
pora,  and  these  often  form  considerable  beds.  Their  net-like  fronds 
are  easilj  recognised. 

Crinoidta  are  also  numexoos  in  the  Monntun  Limestone.  (See  figs. 
518,  519.) 

Fi(.  at.  Fi|.  Hi. 
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In  the  greater  part  of  them,  the  cap  or  pelvis,  fig.  fiI9.  b,  is 
greatly  developed  in  size  in  proportion  to  the  arms,  although  this  is 
not  the  case  in  fig.  fil8.  The  genera  I^terioerinut,  Cyalhoerinut, 
Pentremitei,  Actinoerinut,  and  ftatyerinus  are  all  of  them  charac- 
teristic of  this  formation.  Other  Echinoderma  are  rare,  a  few  Sea- 
Urchins  onlj  being  known :  these  have  a  complex  stnlctnre,  with 
manj  more  plates  on  their  surface  than  ore  seen  in  the  modem 
genera  of  the  same  group.  One  genns,  the  Palachintu  (flg:  520.),  is 
the  analogue  of  the  modem  Eehintu.  The  other,  Archteocidaris, 
represontfi,  in  like  manner,  the  Cidarit  of  the  present  seas. 

Of  Mollusca  the  Brachtopoda  (or  Palliobranchiates)  constitute  the 
larger  port,  and  are  not  only  numerous,  but  often  of  large  size. 
Perhaps  the  most  characteristic  shells  of  the  formation  are  large 
species  of  Productui,  such  as  P.  gigatUeus,  P.  kemisphterieui,  P  setni- 
retievlalut  (fig.  621.),  and  P.  icabriculut.    Large  plated  spirifers,  as 
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Spirtfer  ttriattu,  S.  rotundatui,  and  S.  Iriffonalu  (fig.  S22.),  >1sa 
abound ;  snd  smooth  species,  Buch  as  Spir^er  glaber  (fig.  523.)  widi 
its  numerone  Tuiedes. 


Spirtfir  trifronatit,  Manln.  vp,  Sptriferg^^rr,  Kuika,  t^ 

Hoimiilii  UmHUHH :  Derbjililn,  ftc  MwiouiD  Uumuim. 

Among  the  palliobranchiate  mollusks  Terebratula  hattata  deaerva 
mention,  not  only  for  its  wide  range,  but  because  it  often  retains  the 
pattern  of  the  original  coloured  stripes  which  ornamented  the  Uring 
shell.  (See  fig.  624.)  These  coloured  bands  are  also  preserved  in 
several  lamellibranchiate  bivalves,  as  in  Avteulopeeten  (fig.  523.),  is 
which  dark  stripes  alternate  with  a  light  ground.  In  some  also  of 
the  spiral  nniTalves,  the  pattern  of  the  original  painting  is  distinctlj 
retained,  as  in  the  Ptettrotoniaria  (fig.  52IS.),  which  displaj^B  wsrj 
blotches,  resembling  the  colouring  in  manj  recent  Trochidie. 
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lnl4iidi  Biii(li,ac. 

The  mere  fact  that  shells  of  such  high  antiquity  should  have 
preserved  the  patterns  of  their  colouring  is  striking  and  anex- 
pected  ;  but  Frof.  £.  Forbes  has  deduced  from  it  an  important  geo- 
logical conclusion.  He  infers  that  the  depth  of  the  primeval  seas 
in  which  the  Mountain  Limestone  was  formed  did  not  exceed  50 
fothons.  To  this  opinion  he  is  led  by  observing  that  in  the  existing 
seas  the  testacea  which  have  colours  and  well  defined  patterns  melv 
inhabit  greater  depths  than  SO  fathoms ;  and  the  greater  nmnber 
are  found  where  there  is  most  light  in  very  shallow  water,  not  nxire 
than  two  fathoms  deep.  There  are  even  examples  in  the  British  seas 
of  testacea  which  are  always  white  or  colourless  when  taken  from 
below  100  fathoms  ;  and  yet  individuals  of  the  same  species,  if  taken 
from  shallower  zones,  are  vividly  striped  or  bonded. 
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This  informatioQ,  derired  from  the  colour  of  the  shells,  is  tint 
more  welcome,  beckase  the  Bodi&la,  Articnlata,  and  Molluscs  of  the 
Carboniferous  period  belong  almost  entirelj'  to  genera  no  longer 
fonnd  in  the  liTing  creation,  and  respecting  the  habits  of  which  we 
can  only  hazard  conjectares. 

Some  few  of  the  carboniferous  mollnsca,  aach  as  Avietda,  Nucvla, 
SoUnu/a,  and  LithodomnM,  belong  no  doabt  to  existing  genera;  but 
the  msjori^,  though  often  referred  to  living  tTpes,  such  as  Iioeardia, 
TurriteUa,  and  Suceinvm,  belong  really  to  forms  which  appear  to 
have  bectone  extinct  at  the  close  of  the  paleozoic  epoch.  Euom- 
phabu  is  a  characteristic  onivalve  shell  of  this  period.  In  the 
interior  it  is  often  divided  into  chambers  (6g.  527.  d),  the  eepta  or 


InlflTTufclunitwff. 

partitions  not  being  perforated  as  in  foraminiferous  shells,  or  in  those 
having  Etphoncles,  like  the  Nautilus.  The  animal  appears  to  have 
retreated  at  different  periods  of  its  growth  from  the  internal  cavity 

previously  formed,  and  to  have  closed  all  com- 
^'  "•■  munication  with  it  by  a  septum.    The  number  of 

chambers  is  irregular,   and  they  are  generally 

wanting  in  the  innermost  whorl.     The  animal  of 
I  the  recent  TurriteUa  eomrmtnit  partitions  off  in 

like  manner  as  it  advances  in  age  a  part  of  its 

spire,  forming  a  shelly  septum. 
N'early  20  species  of  the  genus  BeUtrophon 

(see  fig.  528.),  a  shell  without  chambers  like  the 
*S™Suun  uSSSi**"' ^''""S  Argonaut,  occur  in  the  Mountain  Lime* 

stone.     The  genus  is  not  met  with  in  strata  of 
later  date.      It  is  most  generally  r^arded  as  belonging  to  the 
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Heteropoda,  and  Kllied  to  the  Glass-Shell,  Carinaria ;  bat  b;  eome 
few  it  is  thought  to  be  a  simple  form  of  Cephalopod. 

The  carboniferoui  Cephalopoda  do  not  depart  eo  iridelj  from  the 
living  tjpe  (the  Nautilus),  as  do  the  more  ancient  Silurian  rapie- 
sentatives  of  the  same  order ;  yet  they  offer  some  remarkable  fomu 
scarcely  known  in  strata  newer  than  the  coal  Among  these  is 
Orthoeenu,  a  siphuncled  and  chambered  abell,  like  a  iVowtthu  un- 
coiled and  straightened  (fig.  529.).     Some  species  of  this  genaa  ire 


several  feet  long.  The  Goniatiie  is  another  genns,  nearly  allied  to 
the  AmnumUe,  from  which  it  differs  in  having  the  lobes  of  the  wpU 
free  from  lateral  denticulations,  or  crenaturea  ;  so  that  the  outline  of 
these  is  continuous  and  nnintermpted. 

The  species  represented  in  flg.  530.  is  foond  in  ataost  all  loc«lid», 
and  presents  the  zigzag  character  of  the  septal  lobes  in  perfection. 

In  another  species  (fig.  531.),  the  septa  are  bnt  slightly  waved, 
and  so  approach  nearer  to  the  form  of  those  of  the  Nautilus.    Tb« 


dorsal  position  of  the  siphuncle,  however,  clearly  distaDgnishei  the 
Gronialite  from  the  Nautilus,  and  proves  it  to  have  belonged  to  the 
family  of  the  Ammonites,  &om  which,  indeed,  some  authors  do  not 
believe  it  to  be  generically  distinct. 

Fossil Jish. — The  distribution  of  these  is  singularly  partiil;  so 
much  so,  that  M.  de  Koninck  of  Liege,  the  eminent  paleonttdcgist, 
once  stated  to  me  that,  in  making  his  extenuve  collection  of  the  Ibssils 
of  the  Monntwn  Limestcme  of  Belgium,  be  had  found  no  man  than 
four  or  five  examples  of  the  bones  t»'  teeth  of  .fishes.  Judging  fiom 
Belgian  data,  he  might  have  concluded  that  this  class  i^  vertdmUa 
was  of  extreme  rarity  in  the  carboniferous  seas ;  whereas  the  in- 
vestigation of  other  countries  has  led  to  quite  a  difierent  rwnlt- 
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Thiu,  near  Clifton,  on  the  Avon,  there  ia  a  celebrated  "  bone-bod," 
almost  entirel;  nuule  up  of  ichthyolites ;  and  the  ume  maj  be  said 
of  the  "fish-beds"  of  Amuigh,  in  Ireland.  They  ciHuist  chiefly 
of  the  teeUi  of  fishes  of  the  Flacoid  order,  nearlj'  all  of  them 
rolled  aa  if  drifted  from  a  distance.  Some  teeth  are  sharp  and 
pointed,  as  in  ordinary  sharks,  of  which  the  genus  Cladodia  affords 
an  illustration  ;  bnt  ^e  m^ority,  as  in  Aaaimtodut  and  CoekUodvt, 
are,  like  the  teeth  of  the  Cestracion  of  Port  JacksoB  (see  above, 
fig.  288.,  p.  230.),  massive  palatal  teeth  fitted  for  grinding.  (See  figs. 
532,  533.) 


There  are  upwards  of  70  other  qwcies  of  fish-remains  known  in 
the  Mountain  Limestone  of  the  British  Islands.  The  defensive  fln- 
bonee  of  these  creatures  are  not  unfreqneDt  at  Armagh  and  Bristol ; 
those  known  as  OraeantAtu  are  often  of  a  very  large  size.  Ganoid 
fish,  such  Bs  Hoiigt^&iiu,  also  occur ;  but  these  are  far  lees  nume- 
rooB.  The  great  MegaUchthyi  HibberH  appears  to  range  from  Uie 
Upper  Coal-measures  to  the  lowest  Carboniferoas  strata. 

Forttmittifera. — This  somewhat  important  group  of  the  lower 
animals,  which  is  represented  so  fully  at  later  epotjta  by  the  Nam- 
molitee  and  their  numerous  minute  allies,  appears  in  the  Mountain 
Limestone  to  be  restricted  to  a  very  few  species,  the  individuals,  how- 
ever, of  which  are  vastly  numerous.  Texbtlaria,  Nodotaria,  En- 
FK.w.  dathyra,   and  Fiuulina  (fig.  534.),   have  been  re- 

cognised.    The  first  two  genera  are  common  to  this 
and  all  the  after  periods  ;  the  third  has  already 
,  appeared  in  the  Upper  Silurian,  but  is  not  known 
above  the  Carboniferous ;  the  fourth  (fig,  534.)  Is 
'■  peculiar  to  the  Mountain  Limestone,  and  is  charac- 
teriatic  of  the  formation  in  the  United  States,  Bussia,  and  Asia  Minor. 

STRATA   CONTEHPORANEOUB  WITH  THE  MOUNTAIH  LIMKSTOME. 

In  countries  where  limestone  does  not  form  the  principal  part 
of  the  Lower  Carboniferous  series,  this  formation  assnmes  a  very 
difierent  character,  as  in  the  Rhenish  I^vinces  of  Prussia,  and  in 
the  Hartz.  The  slates  and  sandstones  called  Kiesel-schiefer  and 
Toanger  Grreywacke  (Jongere  granwacke)  by  the  Germans,  were 
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ormerlj  referred  to  the  Devoaiui  group,  bat  are  nor  ucertuDedto 

beloDg  to  the  "  Lower  CarbomfBrODH."     The  prevailing  shell  which 

characterizaa  the  carboDsceoua  Bcbista  of  this  series,  both  im  the 

Continent  and  in  England,  is  Pontfonom^a^ecAm  (fig.  586.).  Suu 

Pig,  „,,  well-knowQ  mountain-limestoiH  cpe- 

cies,    such    as   Goruatila   eremlria 

(see  fig.  530.)  and  G.  retietiiatta,  ilso 

k  occur  in  llie  Hartz.    In  the  assouited 

I  sandstones  of  the  eame  region,  fboil 

'  plants,  such  as  ZeptdodendrtM  uj 

the  allied  genus  Sagmaria,  are  com- 

mon ;  also  Knorria,  Calami  Aiet- 

"tSr^^iSSS^"-  ovii,  and  C.  trantitionu  G5pp,  huu 

peculiar,  others  specificallj  idenlital 

with  ordinary  coal-measure  fossils.     The  true  geological  poeition  of 

these  rocks  in  the  Hartz  was  first  determined  bj  MM.  Mnrchiwa 

and  Sedgwick  in  1640.* 

CARBOMIFEfiOnS  LTMBSTOKX  IN  HOSTH  AKEBICA. 

The  coal'ineasnrea  of  Nova  Scotia  have  been  described  (p.  379.)- 
The  lower  division  contains,  besides  large  stratified  masses  of  gjfBtiM, 
some  bands  of  marine  limestone  almost  entirely  made  Dp  of  eDen> 
sites,  and,  in  some  places,  contuning  shells  of  genera  ctamnon  to 
the  mountain  limestone  of  Europe. 

In  the  United  States  the  carboniferous  limestone  underlies  tbe 
productive  coal-measures  ;  and,  although  very  inconspicuous  on  tbe 
mai^n  of  the  Alleghany  or  Great  Appalachian  coal-field  in  Pemi- 
sylvania,  it  expands  in  Yirginia  and  Tenessee.  Its  still  greater 
extent  and  importance  in  the  Western  or  Mississippi  cos]-field«j  in 
Kentucky,  Indiana,  Iowa,  Missouri,  and  other  western  states,  hsa 
been  well  shown  by  Dr.  D,  D.  Owen.  In  those  regions  f  it  is  «b«« 
400  feet  thick,  and  abounds,  as  in  Europe^  in  shells  of  the  genera 
Pntduetut  and  l^irtfer,  with  Untnmte*  and  other  crinoids  snd 
corals.  Among  the  latter,  Liikottrotitm  btualt^arme  or  Uriatm 
(fig.  516.  p.  408.),  or  a  closely-allied  speciea,  is  o 
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CHAPTEB  XXVI. 

OLD  BED  BAin>STO!rK,  OE  DETONUK  OEODF. 

Old  Bed  SandMom  of  the  Bordert  of  Walw— Of  ScodMid  and  the  Sonlh  of  &eI*Dd 
—Fowl  reptile  ud  foot-tracki  at  Elgin — Fosdl  Deronlu  planEa  at  Eilkenn; — 
Ichthjolilei  trf  Cluhbinnie  —  FomH  fiih,  ccnttaeeHU,  fte,  of  Caithnew  and 
Forbnhire — Diadoet  lithological  Ijpe  of  Old  Bed  in  Deron  and  Cornwell — 
Term  Devonian — Organic  renuiiu  of  intermediate  cliancteT  between  thoae  of 
tbe  Carbomfennu  and  Silmuo  ijitemg  —  Deroman  eeiiea  of  England  and  the 
Gintiaent — Upper  DsTonian  rocki  and  fowik— Middle — Lower — Old  Bed 
SanditoDe  of  BuuU— Deronian  Strata  of  the  United  Slataa— Coral-reeft  at 
AeFaUioftheOiia 

It  has  been  already  shown  in  the  Beclion  (p.  334.^  that  the  car- 
boDiferona  atrata  are  surmoaated  bj  a  system  called  "The  Nev 
Sed,"  and  underlaid  bj  another  tenned  the  "  Old  Sed  Sandstone."  The 
laet-mentioiied  group  acquired  this  name  because  in  Herefordshire 
and  Scotland,  where  it  iras  originally  studied,  it  consisted  chiefly  of 
red  sandstone,  shale,  and  conglomerate.  It  was  aAerwards  termed 
"  Devonian,"  for  reasons  which  will  be  explained  in  the  sequel  For 
many  years  it  was  regarded  as  very  barren  of  oi^anic  remains ;  and 
such  is  undoubtedly  its  character  over  very  wide  areas  where  cal- 
careous matter  is  wanting,  and  where  its  colour  is  determined  by 
the  red  oxide  of  iron. 

"  Old  Std"  m  ffere/ordthire,  fcc. — In  Herefordshire,  Worcester- 
shire, Shropshire,  and  South  Wales,  this  formation  attains  a  great 
thickness,  sometimes  between  8,000 and  10,OOOfeeL  In  these  regions, 
it  has  been  subdivided  into 

1st  Conglomerate,  passing  downwards  into  chocolate-red  and 
green  sandstone  and  marl 

2nd.  Marl  and  corastoncs  —  red  and  green  argillaceons  spotted 
marls,  with  irregnlar  courses  of  impure  concretionary  limestone, 
prorindally  called  Comstone,  and  scmie  beds  of  white  sandstone.  In 
the  comstones,  and  in  those  flagstonee  and  marls  through  which 
calcareous  matter  is  moat  difiHsed,  some  remains  of  fishes  of  the 
genera  Ortekut  and  Cephalatpii  occur.  Several  specimens  of  the 
latter  have  been  traced  to  the  lowest  beds  of  the  "  Old  Red,"  in 
May  Hill,  in  Oloucestershir^  by  Sir  B.  Murchison  and  Mr.  Strick- 
land.* 

Old  Red  Sandttone  of  Seodand  and  Ireland. — South  of  the 
Grampians,  in  Forfarshire,  Kincardineahii«,  and  Fife,  the  Old  Red 
Sandstone  may  be  divided  into  three  groups. 


■  MnrddtoD'a  Silniia,  p^  S4S. 
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A.  TeUoir  sandstooe,  yrith  some  bands  of  white  sandstone. 

B.  Bed  shale,  sandstooe  with  comstone,  and  at  the  base  a  coo- 

glomerate  (Nos.  1,  2,  &  3.  Section,  p.  48.). 

C.  Roofing  and  paving  stone,  highly  micaceous,  and  containing  > 

slight  admixture  of  carbonate  of  lime  (No.  4.,  p.  48.). 
The  npper  member,  or  yellow  sandstone,  A,  is  seen  at  Dura  Den, 
near  Cupar,  in  Fife,  immediately  underlying  the  coaL  It  consiitsof 
a  yellow  sandstone  in  which  fish  of  tbe  genera  PUriehthj/t  (for  genu 
see  fig.  550.),  Pamphraetut,  Glyptopomttt,  Holoptyehitu,  and  others 
abound. 

On  the  south  ude  of  the  Moray  Firth,  near  Elgin,  certain  yelloir 
and  white  sandstones  were  classed  long  since  by  Professor  Sedgwick 
and  Sir  R.  Unrchison  as  the  uppermost  bedsof  the  "Old  Redj'ud 
they  are  generally  regarded  as  the  equivalent  of  the  Tdlow  Ssnd- 
stone  of  Fife  above  alluded  to.  They  contain  large  rhomboidal 
scales  of  a  fish  called  by  Agassiz  Sb^ortolepU  Roberttotti,  and  re- 
ferred by  him  to  the  Dipterian  family.  This  family,  obserres  Mr. 
P,    ^g  Hugh  Miller,  is  emphatically  charsc- 

t^ifitic  of  the  Old  Bed  Sandstone. 
The  scales  of  this  Stagonolepi$,  the 
only  parts  of  the  species  yet  known, 
are  so  like  those  of  GfyptopomMt  in 
form  and  pattern  that  ll^y  may  pos- 
sibly prove  to  be  referable  to  the 
I  same  genus.  The  Gh/ptopomia,  u 
we  have  seen,  is  found  in  the  yellow 
sandstone  of  Dura  Den  in  Fife,  scd 
the  genus  has  not  hitherto  been  met 
with  in  any  formation  except  the 
Devonian. 

The  light-colonred  sandstone  of 
Morayshire  passes  down  into  a  con- 
formable series  of  strata,  which  >re 
full  of  undoubted  "  Old  Bed"  fossik 
I  have  dwelt  thus  particularly  on  tlie 
age  of  this  rock,  because  it  has  yielded 
recently  (1851)  the  bones  of  areptilfl, 
the  first  and  only  nuauoriala  of  ihit 
class  yet  discovered  in  a  strslum  of 
such  high  antiquity.  This  fossil  "*■ 
obtMued  by  Mr.  Patrick  Du^  suiiw 
of  a  "Sketch  of  the  Geokigj  of 
Morayshire,"  from  a  quarry  at  Cnin- 
mingstone,  near  Elgin.  TTie  skekiw 
represented  in  the  annexed  ip>^ 
(fig.  636.),  is  4i  inches  in  length,  boi 
port  of  the  tail  is  concealed  in  '''^ 
rock ;  and,  if  the  whole  were  visible, 
it  might  be  more  than  6  inches  long' 
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The  matrix  is  a  fine-grained  whitish  suicbtoae,  vith  k  cement  of 
carbonate  of  lime.  Although  almost  all  the  bones  except  those  of 
the  skull  hare  decompoeed,  their  natural  position  can  still  be  seen. 
m&u-lj  perfect  Cftsts  of  their  form  were  taken  hj  Dr.  Muitell  from 
tbe  hollow  moulds  which  thej  have  left  in  the  rock. 

Slight  indications  are  visible  of  minute  conical  teeth.  Of  ribs  there 
ire  twentj-four  purs,  very  short  and  slender.  Tbe  pelvis  is  placed 
aFter  tbe  tweat^-fourth  vertebra,  precisely  as  in  the  living  Iguana. 
On  the  whale.  Dr.  Mantell  inferred  that  the  animal  possessed  manj 
Lu«rtian  characters  blended  with  those  of  the  Batrachians.  He 
wu  unable  to  decide  whether  it  was  a  small  terrestrial  lizard,  or  a 
freshwater  Batraehian,  resembling  the  Tritons  and  aquatic  SaU- 
msoders. 

Although  this  fossil  is  the  most  ancient  qnadraped  of  which  any 
osseous  remains  have  jet  been  brought  to  light,  it  seems  not  to  have 
been  the  only  one  then  existing  in  that  region,  for  Captain  Brick- 
eaden  observed,  in  1850,  on  a  alab  of  sandstone  from  the  same 
quuTj  at  Cununingstone,  a  continaons  series  of  no  less  than  thirty- 
four  footprints  of  a  quadruped.  A  small  part  of  this  track,  the  course 
of  which  is  sapposed  to  have  been  &om  a  to  b,  is  represented  in  the 
uuiezod  cut  (fig.  537.).     The  footprints  are  in  pairs,  forming  two 


miDpUnie,  nur  GglD.  Uonjihiit.  -  Gi 

puillel  rows ;  the  hind  foot  being  one  inch  in  diameter  and  latter 
IW  the  fore  foot  in  the  proportion  of  4  to  8.  The  stride  must  have 
Wi  ibout  4  inches.  The  impressions  resemble  those  left  by  a 
tortoise  walking  on  sand;  and,  if  this  be  the  true  interpretation  of 
the  trail,  they  are  the  only  indications  as  yet  known  of  a  chelonian 
tnora  sDcient  than  the  trias. 

I  have  already  alluded  (p.  404.)  to.  trails  referred  by  American 
geologists  to  several  species  of  air-breathing  reptiles,  and  discovered 
00  the  eastern  flank  of  the  Alleghany  range,  in  Pennsylvania,  in  a 
Kd  ebale,  so  ancient  that  a  question  has  arisen  whether  the  rock 
wmld  be  classed  as  the  lowest  member  of  the  carboniferoas,  as  Pro- 
ieuo[H.D,  Bogen  conceives,oras  tbe  upperm<wt  Devonian,  as  some 
We  contended  (see  p.  404.).  They  at  least  demonstrate  that  certain 
qosdmpeds,  of  lai^er  size  than  any  of  the  bones  that  have  been 
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foan  in  carboniGeroos  rocks,  existed  &t  the  time  wben  the  locieiit 
Bed  Shale,  usually  tenDed  in  the  Uiuted  States  "infra-carboni- 
ferous," was  in  the  conne  of  deposition. 

In  Ireland  the  upper  beds  of  the  Old  Red,  or  j^ow  sandstone  (€ 
IQlkennj,  contain  fish  of  the  genera  CoeetMeut  and  Dendndia, 
characteristic  forms  of  this  period,  togetiter  with  plants  specifically 
distinct  from  any  known  in  the  eoal-roeasares,  but  referable  to  ths 
genera  found  in  them ;  as,  for  example,  Lepidodendron  and  Ct/ehp- 
terit  (see  figs.  538.  and  539.).  The  stems  of  the  latter  hive,  in 
Borne  specimens,  broad  bases  of  attachment,  and  may  tlierefore  have 
been  tree-ferns. 


Omi  of  LtpMadaiarem,ti>eimprmtBiu  (MoauWl /TArnuloi,  Fnbn. 

UiilHtraTUicqnlBcuniiirTUiiMrmnilof  tpixr  DeranUB,  Xllkanr.  i 

Ihe  Kari.   Utver  Ui.ooUn.  fUiiaiBj.  ' 

In  the  same  strata  shells  having  the  form  of  the  genus  Atudon,  ind 
which  probably  belonged  to  freshwater  testacea,  occur.  Some  geo- 
logists, it  is  true,  still  doubt  whetlier  these  beds  ought  not  rather  M 
be  classed  as  the  lowest  beds  of  the  carboniferous  series,  together 
with  the  yellow  sandstone  of  Mr.  Griffiths  (see  p.  362.) ;  but  the  as- 
sociated ichthyolites  and  the  distinct  specific  character  of  the  pUnts, 
seem  to  favour  Uie  opinion  above  expressed. 

B.  (^TabU,  p.  416.) — ^We  come  next  to  the  middle  diviuou  of  ihe 
"  Old  Red,"  as  exhibited  south  of  the  Grampians,  and  consistiiig  of 
—  Ist^  red  shale  and  sandstone,  wirti  -some  cornstone,  occupying  the 
Valley  of  Strathmore,  in  its  course  from  Stonehaven  to  the  Firth  of 
^,  j^  Clyde  i  and,  2ndly,  of  a  conglome- 

rate, seen  both  at  the  foot  of  the 
Grampians,  and  on  tbe  flsiiki  of 
the  Sidlaw  ffills,  as  shown  b  Um 
section  at  p.  48.,  Nos.  1,  2,  and  3 
In  the  uppermost  part  of  the  divi- 
sion Na  1.,  or  in  the  beds  whieli, 
in  Fife,  underlie  the  yellow  taai- 
stooe,  the  scales  of  a  large  gandd 
fish,  of  the  genus  Holoptyekm, 
were  first  observed  by  Dr.  Fleming 
at  Clashbinnie,  near  FerUi,  and  to 
entire  specimen,  more  than  2  feet 
SaitorBiiMfeJimimciiiiiijimHt.Ktm.  in  length,  was  afterwards  fbondli/ 
cu.W«i,.  H«..i».  Mr.  Noble.     Some  of  than  scste 

(.see  fig.  540.)  mensured  3  inches  in  length,  and  2^  in  breadth. 
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C.  {TabU,  p.  416.)— Tbo  tliird  or  lowert  diTimon  scmth  of  the 
Gnmpiuia  consuts  of  grey  paving-Btooe  and  rooflng-sUto,  with 
Msociated  red  ud  gnj  sh&lee ;  tbeae  BtraU  underlie  a  dense 
maaa  of  conglomerate.  In  these  grey  beds  several  remukable  flah 
have  beoi  found  of  the  genus  named  hj  Agassie  CepkalatpiM,  or 
"  hucUer-headed,"  &om  Uie  extraordinary  ahield  whidi  covers  the 
head  (see  fig.  541.),  and  which  has  often  been  mistaken  for  that  of  a 
trilobile,  ancb  as  Ataphwt. 


tgHIU.il 
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Iq  the  same  rock  at  Carmylie,  in  Forfarshire,  commonly  known  aa 
the  Arbroath  paving-stone,  fragments  of  a  huge  crustacean  have  been 
met  with  from  time  to  time.  They  are  called  by  the  Scotch  quarry- 
men  the  "  Seraphim,"  from  the  wing-like  form  and  feather-like  or- 
nament of  the  hinder  part  of  the  head,  the  part  most  usually  met 
with.  Agassiz,  having  previously  referred  some  of  these  fragments 
to  the  class  of  fishes,  was  the  first  to  recognize  their  true  nature,  and 


PDrtlonl  of  Ibc  Pterygoitu  ongUcmtt  AffUtll 
1.  MMdl*  partioa  orthi  "Senphhr"  or  buk  of  Ihn  hnd,  wltb  thi 

3,  Tlw  proiImB]  poTdan  of  ODe  of  till  ffritc  inCflTlar  cliwi. 

4-  Ter&InjttlDii  Df  tho  I'me.  vllta  thr  ttirrnKd  pLDHm.    (S«  Agu' 
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in  tbe  first  plate  of  his  "Foissons  Fosailea  du  Vleax  Gr^  Kouge," 
he  figured  the  portions  on  which  he  founded  his  opinion. 

The  carapace  of  this  huge  crustacean,  which  mast  have  riTHlled, 

if  not  exceeded  in  sise  the  lai^eat  crabs,  is  furnished  at  its  hinder 

part  with  short  prongs,  and  has  two  large  ejea  near  the  middles  much 

like  those  of  the  Euryplenu  found  in  the  coal  formation  of  Glasgow. 

The  body  consists  of  ten  or  eleven  moveable   rings  (the  ezsct 

number  is  not  ascert^ned),  and  was 

Fif.MS.  terminated  by  an  oval-pointed  tail 

The  whole  surface  is  covered  by  tbe 

scale-like  markings  before  menlioned 

as    ornamenting    the    head.      Prot 

M'Coy,  to  whom  1  owe  these  note* 

on  the  general  structure,  has  kindly 

furnished  me  with,  a  restoration  of  the 

entire  animal   (fig.  543.),  which  be 

believes  to  be  closely  allied  to  tbe 

great  Etiryptenu  befbre  mentiooed, 

if  not  of  Ute  very  same  genus,  ind, 

moreover,  of  the  same  family  u  ibe 

living  King-crab  or  lAmulut. 

Sir  R.  Murchison   has  expressil 

some  doubts  •  whether  the  grey  bod* 

of  Forfarshire,  containing  the  Plerf- 

R^^^Su^t^^^f^'M^"'        gotat,  may  not  be  referable  to  llis 

Upper   Silurian    or  Upper  ladlow 

beds;  but,  as  tbey  are  associated  at  Balrudderie  wi^  nomeroiu 

specimens  of  Cephalaspu)  the  bony  bucklers  or  head-pieces  slone 

being  preserved),  apparently  belonging  to  two  species,  I  think  it 

far  more  probable  that  they  constitute  a  division  of  the  "  Old  Red," 

and  perhaps  not  so  ancient  a  one  as  the  bituminous  schists  (b,  p.  422.) 

in  the  North  of  Scotland. 

In  the  same  grey  paving-stones  and  coarse  roofing  slates  in  vhick 
the  Cepktdatpis  and  PUrygotui  occur,  in  Forfarshire  and  Eacar- 
dineshire,  the  remains  of  grass-like  plants  abonnd  in  such  nonben 
as  to  be  useful  to  the  geologist  by  enabling  him  to  identify  corm* 
ponding  strata  at  distant  points.  Whether  these  be  fucoid^  wl 
fiirmerly  conjectured,  or  freshwater  plants  of  the  family  Fhumia, 
as  some  botanists  suggest,  cannot  yet  be  determined.  Tbey  in 
often  accompanied  by  fossils,  called  "berries"  by  the  quanymeo, 
and  which  are  not  unlike  the  form  which  a  compressed  blackben; 
or  raspberry  might  assume  (see  figs.  544  and  £45.).  Some  of  these 
were  first  observed  in  the  year  1828,  in  grey  sandstone  of  tbe  esaie 
age  as  that  of  Forfarshire,  at  Parkhill  near  Newbni^h,  in  the  north 
of  Fife,  by  Dr.  Fleming.  I  afterwards  found  them  on  the  north  n* 
ofwtrathmore,  in  the  vertical  shale  bfeneath  the  conglomerate,  iivl 
in  tbe  same  beds  in  the  Sidlaw  Hills,  at  all  the  poiate  whers  flg.  i 
is  introduced  in  tbe  section,  p.  48. 

*  Silnria,  p.  S47. 
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Dr.  Fleming  has  compared  these  fossila  to  the  p&niclei  of  n  Junctu, 
or  the  catkins  of  Spargamum,  or  some  allied  plant,  and  he  was  con- 
finned  in  this  opinion  bj  finding  a  specimen  at  Balrudderie,  showing 
the  under  surface  smoother  than  the  npper,  and  displajing  what  may 
be  the  place  of  attachment  of  a  stalk.     Z  have  met  with  some  speci- 
meos  in  Forfarshire  imbedded  in  sandstone,  and  not  associated  with 
the  leayes  of  plants  (see  fig.  544.),  which  bore  a  considerable  resem- 
blance to  the  spawn  of  a  recent  Natiea  (fig.  546.),  in 
"*■  M6-        which  the  eggs  are  arranged  in  a  thin  layer  of  sand, 
^jk  and  seem  to  have  acquired  a  polygonal  form  by  press- 

i^Bt^  '"S  ^iiinst  each  other;  bnt;  as  no  gasteropodous 
^Sg^U  shells  have  been  detected  in  the  same  formation,  the 
^^^^  Parka  has  probably  no  connection  with  this  class  of 
Fripimi  or  ir—n  organisms. 

oikuim''  *'™^  The  lata  Dr.  Mantell  was  bo  much  stmck  with  the 
resemblance  of  one  of  my  specimens  (see  fig,  347.)  to 
a  small  bnndle  of  the  dried-up  e^s  of  the  common  English  frog, 
which  he  bad  obtained  in  a  block  and  carbonaceous  state  (see  fig. 
^48.)  from  the  mnd  of  a  pond  near  London,  that  he  suggested  a 
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batrachian  origin  for  the  towil ;  and  Jii.  Newport  concnned  in  (he 
idea,  adding  that  other  larger  and  more  circular  fosuls  (fig.  S^.), 
which  I  procnred  from  shale  in  tiie  same  "Old  Bed,"  occurriog 
singly  or  in  pairs,  and  attached  to  the  leaves  of  plants,  might 
possibly  be  the  ova  of  some  gigantic  triton  or  salamander. 

The  general  absence  of  reptilian  remains  from  strata  of  the  Dero- 
niaa  period  will  weigh  strongly  with  many  geolc^ists  against  saeh 
conjectnres. 

"Old Red" in  tht North  1^ Scotland. ^Tbe-wholaot the nortbem 
part  of  Scotland,  &am  Cape  Wrath  to  the  sontfaem  flank  of  the 
Grampians,  has  been  well  described  by  Mr.  Hugh  Htller  as  connst- 
ing  of  a  nncleoa  of  granite,  gneiss,  and  other  hypogene  rocks,  whidi 
eeem  as  if  set  in  a  sandstone  frame.'  The  beds  of  the  Old  Bed 
Sandstone  constituting  this  frame  may  once  perhaps  have  extaided 
ContinnoDsly  over  the  entire  Grampians  before  the  upheaval  of  tbst 
monntun  range  ;  for  one  band  of  the  sandstone  follows  the  coarse  <f 
the  Moray  Fritb  far  into  the  interior  of  the  great  Caledonian  TiDey, 
and  detached  hills  and  island-like  patches  occur  in  several  partg  of 
the  interior,  capping  some  of  the  higher  summits  in  SutherlandshiK^ 
and  appearing  in  Morayshire  like  oases  among  the  granite  rocki  of 
Strathspey.  On  the  western  coast  of  Ross-shire^  &e  Old  Bed  fonm 
those  three  immense  insulated  hills  before  described  (p.  67.),  when 
beds  of  horizontal  sandstone,  3000  feet  high,  rest  unoonfbrmaUf  on 
a  base  of  gneiss,  attesting  the  vast  denudation  which  has  taken  place. 

Afl  the  mineral  character  of  the  "  Old  Red  "  north  of  the  Gram[nui 
differs  considerably  from  that  of  the  south,  especially  in  the  middls 
and  lower  divisions,  I  shall  now  allude  to  it  separately.  The  nppw 
porttoD,  consisting  of  light-oolonred  sandstones,  and  containing  ihs 
Telerpeton  of  Elgin,  has  been  already  classed,  A.,  p.  41&,  a<  the 
equivalent  of  the  yellow  sandstone  of  Fife.  That  upper  Benbet 
passes  downwards  into  red  and  variegated  sandstone  and  conglonw* 
rats,  which'  may  correspond  with  the  beds  called  B.,  in  the  nine 
section  at  p.  41&  To  the  above  sneceeda,  in  the  descending  arder, 
"  the  middle  formation  "  of  Mr,  Hngh  Miller,  cinnpoaed  of  thin,  Snk, 
grey  sandstone,  in  which,  in  Morayshire,  Dr.  Malcolmson  foond  a  q*- 
eies  of  Cephaiatpia;  but  whether  these  beds  are  of  the  age  of  ^ 
paving-stone  of  Arbroath  (C,  Table,  p.  416.)  is  as  yet  uncertun. 

Next  below  is  the  "inferior  division "  of  Hogh  Miller,  coo- 
prising: — 

a.  Red  and  variegated  gandtUmes. 

b,  Bitumimni*  ichutt. 
e.  Coaree  tandsloTU. 

d  Great  conglomerate. 
In  the  schists  b,  a  great  variety  of  fish  are  met  with  in  the  coen- 
tie^f  Banff,  Nairn,  Moray,  Cromarty,  and  Caithness,  and  iIm  i" 
OrMey,  belonging  to  the  genera  Ptertektkgt  (fig.  55a),  CoceotH^ 
Diploptenu,  Diptenu,  Cheiracanthiu,  Atterolepu,  and  otbcn  de- 
scribed by  Agassi  E. 

•  "  (»d  Bed  Si 
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Five  ipecies  of  PtericAAjf  htve  been  found  in  thii  lowest  di- 
vision  of  tbe  Old  Red.  The 
wing-like  appendaget,  whence 
tbe  genua  is  nuned,  were  fint 
nppOBed  by  Mr.  Miller  to  be 
paddles,  like  those  of  tbe 
turtle;  bnt  Agassis  r^ards 
them  aa  weapons  of  defence^ 
Uk«  tbe  occipital  spines  of  the 
Siver  Bull-heftd  (  Cottutgobio, 
Linn.):  and  considen  tlie  tail 
to  have  been  Uie  (ml;  organ  of 
nation.  The  genera  D^ltnu 
Bud  Diploptetiu  are  so  named, 
becuue  tiieir  two  donal  fins 
are  so  [daced  as  to  front  the 
anal  and  ventnl  fins,  so  u  to 
appear  like  two  pair  of  wings. 
The;  have  bonj  enamelled 
scales. 

Hie  AiteroUpii  was  a  ganoid  flsh  of  gigantic  dimensions.  A.  At- 
mmm,  Eichwald,  the  species  charaeleiistic  of  the  Old  Bed  Suidstone 
ofBaasia,  as  well  aa  that  of  Scotland,  attuned  the  length  of  between 
20  Mtd  30  feet.  It  vn>  clothed  with  strong  bonj  armonr,  embossed 
with  •tar-like  tnbendei,  but  it  had  onlj  a  eartili^^ous  skeleton. 
The  mouth  was  furnished  with  two  raws  of  teeth,  tto  outer  ones 
small  and  flsh-like,  the  inner  lai^r  and  with  a  reptilian  character.f 
lie  A»tenkpU  occurs  also  in  tbe  Devtmian  rocks  of  Nmth  America, 
in  the  lower  division  of  tbe  Old  Bed.  Coniferous  wood,  with  struc- 
ture showing  medullary  rsys,  has  likewise  been  detected  in  tbe  lower 
division  by  Hugh  Miller},  who  has  pointedly  dwelt  on  the  import- 
ance of  the  fact,  as  the  oldest  example  yet  known  of  so  highly  or- 
ganized a  plant  oceurring  in  a  rock  of  sucb  antiqui^. 

South  Devon  and  ComtoaU. —  Term  Devonian. — A  great  stq> 
was  made  in  the  classification  of  tbe  slaty  and  ealcifbrona  strata  of 
South  Devon  and  Cornwall  is  1887,  when  a  large  portion  of  the 
beds,  prervionsly  referred  to  tbe  "transition"  or  Silurian  series, 
weire  found  to  belong  in  reality  to  the  period  of  the  Old  Bed  Sand- 
stone. For  this  reform  we  are  indebted  to  the  labours  of  Professor 
Sedgwick  and  Sir  B.  Murchison,  assisted  by  a  saggestion  of  Mr. 
Lonsdal^  who,  in  18S7,  after  examining  the  South  Devonshire 
fomilB,  perceived  that  some  of  them  agreed  with  iboseof  the  Carbon- 
iferons  gronp,  others  with  thoee  of  the  Silurian,  while  many  could 
not  be  assigned  to  either  system,  the  whole  taken  together  exhibiting 
»  pecnUar  and  intermediate  character.  But  these  paleontological 
observations  dtue  would  not  have  enabled  as  to  assign,  with  accn- 

*  Old  R«(t  Sandatone.   Flste  I .  flg .  1 .         t  Footprints  of  the  Creator,  bj  Hugh 
Mr.  Idler's  descripdoii  of  the  flih  n     Miller. 
most  gnphic  ind  correct.  %  E^jotprints,  p.  I9S. 
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Tocj,  the  tme  place  in  the  geological  series  of  these  sUte-rocks  and 
limeatonea  of  South  Devon,  had  not  Messra.  Sedgwick  aod  MarchiKin, 
in  1836  and  1887,  diBcovered  that  the  cuhniferous  or  anthracidc 
shales  of  North  Deron  belonged  to  the  Coal,  and  nol^  u  preceding 
obserreTB  had  imagined,  to  the  "transition"  period. 

Ae  the  strata  of  Sooth  Devon  here  allnded  to  are  far  rictier  in 
organic  remains  than  the  red  sandatonea  of  contomporaneoos  date  in 
Herefordsliire  and  Scotland,  the  new  name  of  the  "  Devonian  ajatem" 
was  proposed  as  a  sabstitnte  for  that  of  Old  Bed  Sandstona 

The  link  supplied  b^  Hhe  whole  assemblage  of  imbedded  tMit, 
connecting  as  it  does  the  paleontology  of  the  Silnrian  and  Carhoii- 
iferoaa  gronpa,  ia  one  of  the  highest  interest,  and  equally  striking 
whether  we  regard  the  genera  of  the  corals  or  of  the  shells.  Hm 
tptciet  are  mostly  distinct  except  in  the  npper  group. 

The  rocks  of  thia  group  in  South  Devon  consist,  in  great  part,  d 
green  chloritio  slates,  alternating  with  hard  quartzose  alates  and 
sandstones.  Here  and  there  calcareoua  8lat«s  are  interstrati£ed  with 
blue  crystalline  limestone,  and  in  some  dirisions  conglomersln, 
passing  into  red  sandstone.  But  the  whole  series  is  much  altered 
and  disturbed  by  the  intrusion  of  the  granite  of  Dartaioor  and  other 
igneous  rocka. 

In  Korth  Devon,  on  the  contrary,  the  Devonian  group  hat  beea 
less  changed,  and  its  relations  to  the  overlying  carboniferous  rocks 
or  "  Culm  Measures  "  are  clearly  seen.  The  following  sequence  is 
exhibited  in  the  coast  section  on  the  Bristol  Channel  between 
Barnstaple  and  the  North  Foreland.* 

Devonian  Series  m  NoriA  Devon, 
fa.  Calcareous  brown  sUtei  i  with  fbuili,  many  of  tbem  eonnna  U 
1.  <         the  CarboDlferons  gronp.    (Barnstaple,  PiltoD,  &c.) 

(6.  Brown  and  jellow  landstone,  with  sheila  and  knd-planti — &>^ 
norio,  Knarria,  and  Others.     (Bagg;  Foiat,  Marwood,  &c.) 
'2.  Hard  gny   and  reddish  undstones  and  micaceoos  flsg^  widioiil 
foeiils,  reaUog  od  ioA  greeiuBh  ichins  of  cotuiderahls  tbietaML 
(Mone  Ba7,  Boll  Point,  &c} 

3.  Calcareoos  slatea,  with  eight  or  cine  eoorses  of  limestone,  Ml  nt 
corals  and  shells  like  those  of  the  Pljmoath  limeatone.  (Cootie 
Martin,  Dfracombe  Harbonr,  &e.) 

4.  Hard,  greeniih,  r«d,  and  pnrjile  laDdstonea  ;  with  occtSMul  ftvK 
Spirifen,  &c     (IJoton,  North  Foreland,  &c) 

5.  Soft  chlririlons  slates,  with  some  sandstones;  Ordia,  Spit^i  ^"^ 
some  Corals.    (Valley  of  Rocks,  Ljnmon^,  &c.} 

The  successive  beds  of  this  section  have  been  compared  vith 
those  of  South  Devon  and  Cornwall  both  by  the  authon  of  the 
"Devonian  "  system  and  by  other  observers.  And  Prof  Sedgwick 
has  again  lately  brought  tbem  into  closer  compariaoD-t  Other 
geol<^sts  at  home  and  abroad  have  saccessively  identified  them 
with  the  Devonian  series  in  France,  Belgium,  the  Rhenish  ProTinffi*. 

'  Sedgwick  and   Mnrchison,  Trans.     Cornwall,   pL  3.    Unrchiioa'i  SQtnii, 
Geol.  Soc,  New  Series,  voL  v.  p.  644.      p.  256. 
De  la  Beche,  QcoL  Beport,  I>evon  and  j  Qnart.  Joum.  GeoL  Soe,  voL  >ui- 
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Central  Germanj,  and  America.*    I  >bill  proceed  fint  to  treat  of 
the  main  diTisioDs  which  have  been  established  in  Europe. 

Upper  Devonian  Rock*. 
The   alatOB   and  sandstonea  of  Barnstaple  (No.  1.  o,  b.  of  the 
preceding  section)  are  represented  in  Cornwall  by  the  limeatones 
and  slates  of  Petherwyn,  which  rise  in  like  manner  from  under  the 
_^  Calm  Meaeares,  constitating  the 

Petherwyn  group  of  Prof.  Sedg- 
wick.  These  beds  conttun  the 
Ter;  common  Spir^er  diafuitetus, 
Sow.  (iS  Vemeuilii,  Murch.),  (see 
fig.  551.),  a  epeciee  distributed 
over  the  whole  of  Enrope,  and 
'  found  even  in  A^ia  Minor  and 
China.  Among  many  other  fossils 
the  Clymettia  linearit  (flg.  552.)  and  the  minute  crustacean  Qprt- 
diaa  ftrrato-ilriata  (fig.  553.)  are  so  characteristic  of  these  upper 


9% 


1 ;  Elbvnmub,  BatuU. 


beds  in  Belgium,  the  Rhenish  Provinces,  the  Hartz,  Saxonj,  and 
Silesia,  that  strata  of  this  division  in  Gennanj  are  distinguished  by 
the  names  of  "  Clymenien-Kalk,"  and  "  Cypridinen-schiefer."  f 

With  theee  are  many  Gmtiatite*  (G.  tu&tukatus,  Miinster,  and 
other  species)  both  in  England  and  on  the  continent  In  Germany 
they  are  usually  confined  to  distinct  beds,  as  at  Oberscheld,  also  at 
CoBvin  in  Belgium,  Stc.  Trilobitea  are  not  unfrequent  in  Cornwall 
and  North  Devon ;  they  are  chiefly  restrictod  to  species  of  ^acop* 
(for  genus,  see  fig.  585.)  i  but  in  the  upper  Devonian  limestones  of 
the  Fichtelgebirge,  as  at  Elbersrenth  in  Bavaria,  there  are  numerous 
genera  and  species  which  never  rise  higher  in  the  aeries  or  appear 
in  any  portion  of  the  carboniferous  limestone. 

Middit  Devonian. 

The  nnfossiliferoaa  series  (No.  2.,  p.  424.)  of  North  Devon,  and  tho 

calcareous  beda  of  Dfi-acombe  (3.),  correspond  to  the  Dartmouth  and 

"  See  Dr.  Prod,  SandberRer  on  the  Von    MByer"!  Pakonioeniphlea,   3rd 

DL-Tonian  roclu  of  Nassau  (Geol.  Ver.  tuI,  pt  1. 

halt.   Naaan)  ;   Prod.  Roemcr,  on  the  f  See  MnrehiBon's  Siluria,  chaps,  x., 

Uortz  I^evonun  Ro4:kB,  in  Dunkerand  xiv,  and  xt. 
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Pljmolilh  groups  of  Prof.  Sedgwick's  South  Devon  seriea,  ud  ire 
the  most  typical  portion  of  the  Devoniui  syatem.  They  include  (be 
great  UmeBtones  of  Flymouth  and  Torbay,  replete  with  ehelli, 
trilobites,  and  corals.  A  thick  accnmnlation  of  slate  and  schist,  fall  (^ 
the  same  fossils,  occupies  nearly  all  the  soathem  portion  of  Detoo- 
shire  and  a  large  part  of  ComwaU.  Among  the  corab  we  find  tlu 
genera  favoiitet,  HelioUtei,  aad  CyaAopkyUMm,  the  last  gesu 
equally  abundant  in  the  Silurian  and  Carboniferous  systems,  the  two 
ibrmer  so  frequent  in  Silurian  rocks.  Some  few  even  of  the  spedea 
are  common  to  the  Devonian  and  Silurian  groups,  as,  for  example. 
FavotUt*  poltfmorpha  (fig.  SSi.),  one  of  the  commonest  of  ill  tbe 
Devonshire  foaeila.     The  CytUkophi/Uum  catpitosum  (fig.  SS5.)  ud 


Fannlla  polgMarpta,  OoUt.    S.  Dtrim,  ftnB  ■  potlitud 
■.  PailtworilwHm«ma(iil>(d,lailiin>lh>parH. 

GoUf.  rtrmgiaC. 

•  e.  •cRluL  ■MJoa,  shlUtbi 

HeUoUla  pyr^ormi»  (fig.  556.)  are  peculiarly  characteristic ;  m  i" 
another  very  common  species,  the  Aulopora  Merpetu  (fig.  557.), 
which  creeps  over  corals  and  shells  in  its  young  state,  as  ben 


SriMtlninriiH,  Coliir..  in.  rariln  ritTifaTMit,  Jmtapara  •rrfou, 

'^"'"-  (The  Tmini  baul  boHIoo  t 

■.  ponkn  of  Ih*  Hnr  m»n<lleil.    Hiddla  Dc  Wimm  Edw.  uul 

figured,  but  afterwards  grows  upwards  and  becomes  a  cluster  of 
tabes  connected  by  minute  processes.  In  this  state  it  has  beea 
supposed  to  be  a  distinct  coral,  and  has  been  called  ^ 
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With  the  kbore  are  found  many  stone-HlieB  or  crinoida,  some  of 
diem,  ancli  aa  CupreuoerinileM,  of  forma  generically  diatinct  from 
those  of  the  Carboniferoas  Limestone.  The  moUneks  also  are  no 
less  ctuuracteristic,  amongwhich  the  genna  Stringoeephalut  (fig.  558.) 


maj  be  mentioned  as  exclusively  Devonian.  Man^  other  Brachiopod 
sheila,  of  the  genua  Spirifer,  he,  abonnded,  and  among  them  tho 
Ahypa  retieularit,  Linn.  sp.  (fig.  575.  p.  438.),  vhich  seems  (o  hare 
been  a  cosmopolite  species  occurring  in  Deronian  strata  from 
America  to  Aaia  Minor,  and  which,  aa  we  shall  herean«r  see 
(p.  437.),  lived  also  in  the  Silurian  seas.  Among  the  peculiar 
lameltibraTichiate  biTalvea  common  to  the  Plymouth  limestone  of 
DcTonshire  and  the  Continent,  we  find  the  Megalodon  (fig.  559.), 
ti^etber  with  many  spiral  univalvea,  such  as  Murehitonia,  Euom- 
phahu,  and  Maerockeitu*  ;  and  Fteropods  such  aa  Conularia  (fig.  560.). 


The  cephalopoda,  snch  as  Cyrtocertu,  Gyrocerat,  and  others,  are 
nearly  all  of  genera  distinct  from  thoao  prevailing  in  the  Upper 
Devonian  Limestone,  or  Clymenien-kalk  of  the  Germans  already 
mentioned  (p.  425.).  Although  but  few  species  of  Trilobites  occur, 
the  characteristic£roNte(^adeUt/er(fig.561.  p.  428.)  is  far  from  rare, 
and  all  collectors  are  familiar  with  its  fan-like  t^  The  bead  is 
nldom  found  perfect ;  a  reatoration  of  it  has  been  attempted  by 
Mr.  Salter  (fig.  562.) 
In  this  aame  formation,  comprising  in  it  the  "  Stringocephalns 
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SrM<njtakBO«r,  Gdilf. 


Umeatoae,"  or  "  Eifel  Limestone  "  of  GeToaay,  several  remiiiu  of 
CoecotteuM  and  other  ichtliyolites  have  been  detected,  and  the^serrCi 
as  Sir  R.  Murchisoii  observes  (Silurii,  p.  371.),  to  identifj  the  rock 
„,  ,^  with  the  Old  Red  SandikoM 

of  Britain  and  RnsgiL 

Beneath  the  great  EifiJ 
Limestone  (the  principal  type 
of  "  the  Devonian "  on  the 
Continent),  lie  certain  schists 
called  hj  German  writen 
"  CalceoU-schiefer  "  becaoM 
■''*'™''»'"-  they  contain  in  abandancei 
fossil  brachiopod  of  very  curious  Btractore^  Calcmla  taitdaliaa 
(fig.  563.). 

Lower  DevonitM. 
Beneath  the  Middle  Devonian  limestones  and  schists  abesdy 
enomurated,  a  series  of  slaty  beds  and  qnartxoee  sandstones,  tk 
latt«r  constituting  the  "  Older  Rhenish  Greywacke  "  of  Boemer,  and 
the  "Spirifer  sandstone"  of  Sandberger,  are  exhibited  between 
Coblentz  and  Caub.'  A  portion  of  these  rocks  on  the  Rhine  and  in 
some  of  the  adjacent  countries  were  regarded  as  "  Upper  Silorian  ' 
by  Pro£  Sedgvrick  and  Sir  B.  Mm^hison  in  1839,  but  their  tne 
age  has  since  been  detennined.  Their  equivalents  are  foand  in 
England  in  the  sandstoDes  and  sla(«s  of  (he  North  Foreland  and 
Linton  in  Devon  (Nos.  4.  and  5.  of  the  section,  p.  424.X  sixit 
according  to  Mr.  Sall«r,  in  the  sandstone  of  Torbay  in  Soath 
Devon,  where  many  of  the  characteristic  Rhenish  fossils  are  met 
^^  (^  with.    The  broad-winged 

Spirifers  which  distia- 
guish  the  "  Spirifer-aand- 
stein  "  of  Germany  have 
their  representatives  in 
the  Devonian  strata  of 
N.  America(see  fig.  564.). 


*  tlurctibon's  Silarin,  p.  363. 
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Among  the  Triilobites  of  this  ers  a  large  apeciei  of  Homalonotut 

(Gg.  565.)  is  conspicuona.     The  geous  is  still  better  known  as  a 

Silnrian  form,  but  the  spiuoae  species  appear  to  belong  exclnnvelj 

to  the  "Lower  DoTonian." 
With  the  aboTB  are  associated  man;  species  of  Brachiopoda,  such 

u  Onhit,  Leptana,  and  Chonetes,  and  some  Lamelljbranchiata,  such 

u  Pltrmea;  also  the  very  remarkable  fossil  coral,  called  Fle»ro- 

dic^m  prodkmaiieum  (fig.  566.) 


esz 


Devonian  of  Ruttia. — The  Devonian  strata  of  Bussia  extend, 
according  to  Sir  B.  Uurchison,  over  a  r^on  more  spacious  than 
the  British  lalea ;  and '  it  is  remarkable  that,  where  they  consist  of 
sindBtone  like  the  "  Old  Red "  of  Scotland  and  Central  England, 
they  are  tenanted  1)7  fossil  flshes  often  of  the  same  species  and  still 
oftener  of  the  same  genera  as  the  British,  whereas  when  they  consist 
cf  limestone  they  contain  shells  similar  to  those  of*  Devonshire,  thns 
confirming,  as  Sir  Roderick  observes,  the  contemporaneons  origin 
ptenouBly  assigned  to  formations  exhibiting  two  very  distinct 
iDinenl  types  in  different  parts  of  Britain.*  The  calcareous  and  tite 
areDSceons  rocks  of  Russia  above  alloded  to  alternate  in  such  a 
naaner  as  to  leave  no  doubt  of  their  having  been  deposited  at  the 
•une  period.  Among  the  flsh  common  to  the  Russian  and  the  British 
<tr»ta  are  AtUroltpit  Atnattii  before  mentioned ;  a  smaller  species, 
^.  mmoT,  Ag. ;  Holoptyehiua  nobiiimmut  (p.  418.) }  ffettdrodtu 
ffngattu,  Owen ;  PUriektkys  major,  Ag. ;  and  many  others.  But 
some  of  the  most  marked  of  the  Scottish  genera,  such  as  Cephalatpit, 
Coeeotteut,  JHplacanthtu,  Chtiracantkus,  fee,  have  not  yet  been 
foond  in  Russia,  ovring  perhaps  to  the  present  imperfect  state  of  our 
^^^carches,  or  possibly  to  geographical  causes  limiting  the  range  of 


*  Silnria,  p.  BtS. 
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the  extinct  qietuea.  On  t^e  whole,  no  leas  thui  tartj  ipeciei  of 
placoid  and  ganoid  fieh  have  heea  already  collected  in  Rbbhi,  Moe 
of  the  plocoidB  bdog  of  eaomoiu  size,  as  befi>re  stated,  p.  423. 

Devonian  Strata  in  the  United  States. 

In  no  country  hitherto  ex[dored  is  there  so  complete  a  wries  of 
strate  interrening  between  the  Carboniieroua  and  Silnrian  as  in  the 
United  States.  This  intermediate  or  Devonian  gronp  was  first 
studied  in  all  its  detiuls,  and  with  due  attention  ta  its  fossil  remiim, 
by  the  Government  Surveyors  of  New  York.  In  its  gec^raphitd 
extent,  that  State,  taken  singly,  is  about  equal  in  size  to  Gmt 
Britain;  and  the  geologist  has  the  advantage  of  finding  the 
Devonian  rocks  there  in  a  nearly  horizontal  tmd  trndisturbed  cod- 
dition,  BO  that  the  relative  position  of  each  fonoatknt  can  be  ascer- 
tained with  certainty. 

Svbdivitiom  of  the  New  York  Devonian  Strata,  m  the  BqterU  of 
the  Government  Surva/on, 

NuMi  of  Gnnpi.  TblckBHi  In  Fw. 

1.  Caukill  groop  or  Old  B«d  SaodUone  -  -  -  aooo 
S.  ChemuDg  group  -■-•--  IMO 
8.  Poruge  1 , 

5.  Tully IS 

e.  Hamilton  --....    looo 

7.  HareeUiu  -.-...        » 

8.  Comifenras'\_  „ 
9'  Onoad«ga  j"            "            '            '            "            -an 

10.  Schohirie  \  ,„ 

11,  CandB-OsUi  grit/*  '  "  "  -lu 
la.  Oriskany  sanditoiM          -            •            -            -  B  to  M 

These  subdivisions  are  of  very  unequal  valuer  whether  we  regard 
the  thickness  of  the  beds  or  the  distinctnesa  of  their  fossils;  but 
they  have  each  some  mineral  or  oi^nic  character  to  ■JUMing""'' 
them  from  the  rest  Moreover,  it  has  been  found,  on  comparing  the 
geology  of  other  North  American  States  with  the  New  Ttrt 
standard,  that  some  of  the  above-mentioned  groups,  such  as  NoaS. 
and  3.,  which  are  respectively  1500  and  1000  fL  thick  in  New  Tork, 
are  very  local  and  thin  out  when  followed  into  adjoining  States; 
whereas  others,  snch  as  Nos.  8.  and  9.,  the  total  thit^ess  of  which 
is  scarcely  50  feet  in  New  York,  can  be  traced  over  an  area  nearlj 
as  large  as  Europe. 

Respecting  the  upper  limit  of  the  above  system,  there  has  been 
very  little  difference  of  _  opinion,  since  the  fied  Sandstone  Na  L 
contwns  Holopti/ckitu  rtobilittunua  and  other  fish  characlOTstic 
generically  or  specifically  of  the  European  Old  Bed.  More  doubt 
has  been  entertiuned  in  r^;ard  to  the  classification  of  Nos.  10^  11> 
and  12.  M.  de  Yemeuil  proposed  in  1847,  after  visiting  the  United 
States,  to  include  the  Oriskany  sandstone  in  the  Devonian;  and 
Mr.  D.  Sharpe,  afler  examinii^  the  fossils  which  I  had  M^lected  io 
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America  in  1842,  uriTed  independentljr  %t  &e  Mune  ooochuiou.' 
Hie  resemblaDce  of  the  Sjnri&ra  of  this  Oriskanj'  BtutdBtone  to  thoee 
of  the  Lower  Deroniui  (^  the  Eif^  tth  the  chief  motiTe  Assigned 
l7M.de  Vemcuil  for  his  view ;  and  the  overlTing  Schoharie  grit, 
No.  10.,  was  dassed  as  Devonian  because  it  contaiQed  a  speciee  of 
Atterolepit.  On  the  other  hand,  Prof.  Hall  addnces  many  fossils 
&om  Nos.  10.  and  12.-  which  resemble  more  nearly  the  Ludlow 
group  of  Morchison  than  any  other  European  type  ;  and  he  thinks, 
therefore,  that  those  groups  may  be  "  Upper  Silurian."  Although 
the  Oriskany  sandstone  is  no  more  than  30  feet  tiiick  in  New  York, 
it  is  sometimee  300  fi»et  thick  in  PennsylTania  and  Virginia,  where^ 
togetlier  with  other  primary  or  paleozoic  strata,  it  has  been  well 
studied  by  Fnd^ssors  W.  B.  and  H.  D.  Rogers. 

Hieupper  divisions  (from  the  Catskill  to  the  Genessee  groups,  inda- 
sive,  Nos.  1.  to  4.)  a»isiBt  of  arenaceous  and  shaly  beds,  and  may  turn 
been  of  littoral  origin.  They  vuy  greatly  in  thickness,  and  few  of 
them  can  be  traced  into  the  "  &r  west ; "  whereas  the  calcareous  groups, 
Noa.  8.  and  9.,  although  in  New  Yoik  they  have  seldom  a  onited  thick- 
ness of  more  tiian  50  feet,  are  observed  to  constitute  an  almost  con- 
tinnoDS  coral-reef  over  an  area  of  not  leas  than  500,000  square  miles, 
from  the  State  of  New  York  to  the  Uissisaippi,  and  betwem 
Lakes  Huron  and  Michigan,  in  the  north,  and  the  Ohio  River  and 
Teneesee  in  the  south.  In  the  Western  States  they  are  represented 
hf  the  upper  part  of  what  is  termed  "  the  Cliff  Limesttme."  There 
is  a  grand  display  of  this  calcareous  fbrmatioD  at  the  falls  or  rapida 
of  the  Ohio  Biver  at  Louisville  in  Eentucky,  where  it  much  re- 
sembles a  modem  coral-reef.  A  wide  extent  of  surface  is  exposed  in 
a  series  <^  horizontal  ledges,  at  all  seasons  when  the  water  is  not 
h^b ;  and,  the  softer  parts  of  the  stone  having  decomposed  and 
wasted  away,  the  harder  calcareous  corals  stand  oat  in  relief,  their 
erect  stems  sending  out  branches  prerasely  as  when  they  were 
living.  Among  other  species  I  observed  large  masses,  not  less  than 
S  feet  in  diameter,  of  Fawttilet  gothlandica,  with  its  beautiful 
lumeycomb  structure  well  displayed,  and,  by  the  aide  of  it,  the 
Faoittella,  cmnbining  a  umilar  honeycombed  form  with  the  star  of 
the  AitTaa,  ^ere  was  also  the  cup-shaped  Cyathophyllfim,  and 
the  delicate  network  of  the  Fetuttella,  and  that  elegant  and  well- 
known  European  species  of  fossil,  called  "  the  chain  coralj"  Cateni- 
pora  tMcharoidet  (see  fig.  579.  p.  439.),  with  a  profusion  of  others. 
These  coralline  forms  were  mingled  with  the  joints,  stems,  and 
occasionally  the  heads  of  Uly  encrinites.  Although  hundreds  of  fine 
qiecimens  have  been  detached  &om  these  rocks  to  enrich  the 
museams  of  Europe  and  America,  another  crop  is  constantly  working 
its  way  out,  under  the  action  of  the  stream,  and  o^the  sun  and  rain 
in  the  warm  season  when  the  channel  is  laid  dry.  The  waters  of 
the  Ohio,  when  I  visited  the  spot  in  April,  1946,  were  more  thao 
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40  feet  below  their  highest  lerel,  and  20  feet  above  their  lowest,  w 
that  large  spaces  of  bare  rock  were  exposed  to  view.* 

Ko  less  than  46  species  of  British  Devonian  corals  are  described 
in  the  Monograph  published  in  1853  by  Messrs.  ii.  Edwirda  and 
Jnlea  Haime  (Paleontographical  Society),  and  only  six  of  these  oocnr 
in  America ;  a  facl^  observes  Pro£  £.  Forbes,  which,  when  we  all 
to  mind  the  wide  latitudinal  range  of  tha  Authocoa,  has  an  im- 
portant bearing  on  the  determination  of  the  geography  of  the 
northern  hemisphere  during  the  Devonian  epoch.  We  must  stso 
remember  that  the  corals  of  these  ancient  reefs,  whether  Ameriao 
or  European,  however  recent  may  be  their  aspect,  all  belong  to  the 
Zoantharia  rugota,  a  suborder  which,  as  before  stated  (p.  407. 
et  teg.),  has  no  living  representative.  Hence  great  caution  mnEt 
be  used  in  adroitti&g  all  inductions  dnnHt  from  the  presence  sod 
forms  of  these  zoophylet^  reqtectang  the  prevalence  of  a  wsm  or 
tropical  climate  in  high  latitudes  at  the  time  when  they  flonriehed, 
— for  BQch  induclioas,  says  Pro£  £.  Forbes,  have  bees  founded  "m 
die  mistaking  of  analt^es  for  affinities."  f 

This  cslcareons  division  also  contains  Goniatitet,  Spiri/ert,  Aa- 
tremitet,  and  many  other  genera  of  Mollusca  and  Crinoidea,  corm- 
ponding  to  those  which  abound  in  the  Devonian  of  Europe,  and  sane 
few  of  the  forms  are  the  aame.  But  the  difficulty  of  deciding  on 
the  exact  parallelism  of  the  New  York  subdiviaions,  as  above  eon- 
merated,  with  the  members  of  the  European  Devonian,  is  veiy  gresl, 
so  few  ore  the  species  in  common.  This  difficulty  will  best  be 
appreciated  by  consulting  the  criticsl  essay  published  by  Hr.  Hsll 
in  1651,  on  the  writings  of  European  antiiors  on  this  intere^ng 
qucstimi-t  Indeed  we  are  scarcely  as  yet  able  to  decide  oo  the 
pardlelism  of  the  principal  groups  even  of  the  north  and  soath  of 
Scotland,  or  on  the  agreement  of  these  again  with  the  Deroniu 
and  Bhenish  snbdivisioiu. 

■  Ljell'i  Seoood  Tirit  to  the  UniCed  J  Beport  of  Foster  mi  Vbio^n 

States,  ToL  U.  p.  37T.  OeoL  of  L.  Superior,  y.  SOl^  W*<^ 

t  Q«oL  Qaait  Josm.  toL  x.  p.  faL,  ington,  IBSl. 
18M. 
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BILCXUS  AXD  CAUBRIAir  GKODFS. 


Shniaa  itrata  fivmcrlf  called  Tmuition — Tmn  Qnawickl — Snbdlviiioiit  of 
Upper,  Kiddle,  and  Lower  Bilnruuis  —  Lodltnr  fornuuionBiid  totals — Ladloir 
bMH-bod,  and  <ddeM  known  Tenuini  of  fomll  fish — Wenlock  romution,  conJt, 
c;ctide>D«,  trilobiCet — Middle  SilnriMi  or  CuitdDCMndMoae  — IUDiieoiiD»ms- 
bOItj — Fenumeri  and  Tentaculitcs — Lower  SUuriaii  rocks — XJudeilo  flagi — 
CjKldeM— TliloUte«— OmpUliUi— Vast  thicknus  of  J^iwer  Situiltn  rtcmU  in 
W«1m — Foc«ign  SOnriui  aqdiralenti  in  Eniope  —  nognlite  pit  of  BoMia — 
SOaiiaB  «nu  ot  llw  United  StaUi—  Amonnt  of  ipeciflc  Bgreenient  of  fbauli 
wiih  Iboae  <tf  Ean^ — Canadian  eqaiTalcnU — Deep-wa  origin  of  Silurian 
Mrata — FonilifcrOD*  rocka  below  the  Uandeilo  beda — Cambrian  gronp  — 
Lingnla  Sagi  of  North  Vftim^-lcwtx  Cambrian — OldeM  known  Ibnil  re- 
mains—  "Fiimordial  gronp"  of  BcJiemia — Characteristic  triloMtes  —  Ueto- 
morpbodsortritobitea — Alum  ichists  of  Sweden  and  Norway — Potsdam  Mad< 
aotie  of  Uniicd  StaM  and  Canada— Footprintt  near  Montreal— TrilobilMW 
Ae  Il^ppv  Miiaisaippi  — Siii^KMed  pniod  of  iQTertebrate  animals  —  Upper 
Bilarian  bone-bed — Absence  of  GA  in  Lower  Silorlan — Progresdve  discoTeiy 
of  TortebiBta  in  older  rocks — Inferenca  to  be  drawn  from  the  greater  fnceess 
of  Kitish  Paleontologists  — Doctrine  of  the  non-existence  of  TCrtebrata  in  the 
older  fbasQiSnoiii  pvioda  premature. 

Wk  come  next  in  the  descending  order  to  the  most  ancient  of  the 
piimarf  fosnlireroas  rocks,  that  geries  which  comprises  the  greater 
part  of  the  strata  formerlj  called  "  transition  "  by  Werner,  for  reasons 
explAined  in  Chap  VliL,  pp.  91.  and  93.  Geologists  were  alao  in 
the  habit  of  applying  to  these  older  strata  the  general  name  of 
"giraawack^"  by  which  the  German  miners  deeignate  a  particnlar 
variety  of  sandstone,  asually  an  aggr^ate  of  small  firagmente  of 
quartz,  flinty  slate  (or  Lydian  stMiB),  and  day-slate  cemented  to- 
gether by  argillaeeooB  matter.  Far  too  much  importance  has  been 
attached  to  thia  kind  of  rock,  as  if  it  belonged  to  a  certain  epoch  in 
tbe  earth's  history,  whereas  a  similar  sandstone  or  grit  is  found  in 
the  Old  Bed,  and  in  the  Millstone  Grit  of  the  Coal,  and  sometimea 
in  certain  Cretaceons  and  even  Eocene  formations  in  the  Alps. 

^na  name  of  Silvria*  was  first  proposed  by  Sir  Boderi^  Mnr- 
chiscm  for  a  seriee  of  fossiliferous  strata  lying  below  the  Old  Bed 
Sandstone,  and  occupying  that  part  of  Wales  and  some  contignons 
counties  of  England  which  once  constituted  the  kingdom  of  the 
SUurtt,  a  tribe  of  ancient  Britons.  The  following  table  will  explain 
die  ▼arions  fwmationi  into  which  this  group  of  andeDt  strata  nay 
be  aab^Tided. 
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BUBDmaioMft  or  silttbiah  books.      CCkzxtil 

UPPEB  SILDBIAN  EOCEH. 


Pnrnllhii  LHboliifl- 
aldunctan. 

'o.  TiUiionii.- 
Finelj  laioiiut- 
ed  reddUi  »nd 


IJwiw 
LodW. 


b.  Mkaceosi  ^7' 
■■Qdatone     uid 


AfBUMtj   r  Ai^iiliceoni  lime- 
r  Slult^  with  ccocie- 


Harine    m^boa  of 
tha      KieJiiapodt 


SerpDlito.  Outa- 
cuu  of  tbs  IVib- 
bite  bmil;.  Hi- 
ccnd  Sih  (oldM 
lemuni  of  U  jet 
kaowD).  g«ft- 
wsedi ;  aad  in  tbe 


d  pUoM. 


Marine    molliuci  d1 

twfbre.  Criooidn 
aod  oonli  pkntifiil. 
TriidUtMi  Oii|*i- 


UIDDLE  8ILUBUN  EOCSB. 


Cwadoc      /    Candoe    J      KoncMndstone,  I 
formMirai.'l.  nnduoDU.  |      and    conglome-  f 


{Shale,  duUrUm»-1  f 

and    conglome-  f  *™'  1 


CriiHridM,       Conb, 


LOWEB  SILUBIAN  BOCKS. 


ilatet  and  aand-  t'^'°°"  1 


UoQiuca,  TiikitiCM, 
C}^dae,  CriiNidi, 
Corals,  Qrqnlilt^ 


DppEB  sn-oauK  Boosa. 

Lh^oid  formation. — This  member  of  the  Upper  ^nriui  gioap. 
OS  will  be  eeea  bj  the  above  table,  is  of  great  thickness,  and  nb- 
divided  into  three  parts, — the  Upper  and  the  Lover  Ludlow,  ud 
the  iaterreoing  Xjvaeetrj  limeatcme.  Each  of  these  may  be  dis- 
tinguished near  the  town  of  Ludlow,  and  at  other  places  in  Shrop- 
shire and  Herefordshire,  by  peculiar  organie  remaitia. 

1.  Vj^ier  LudUm.  a.  THkMbmei. — litis  nppermost  BubdiriiMii. 
called  the  T^lettottet,  was  originally  classed  by  Sir  B>  Mnrohino 
with  the  Old  Red  Sandstone,  becaase  they  decompose  into  a  in 
soil  thronghoot  the  Silurian  region.  They  were  recorded  as  t  tns- 
■ition  group  forming  a  passage  from  Silurian  to  Old  Bed ;  but  it  is 
now  ucertsined  that  the  fossils  agree  in  great  part  specifically,  so^ 
in  general  character  entirely,  vitli  those  of  the  underlying  Sihaiia 
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stnta.  Among  these  ve  Orthoeera*  buBotmn,  Trockut  t  ktUcittt, 
BtOeropAon  trUobatHt,  Chonelet  lata,  &&,  with  namerona  defimces 
of  fiohea.  These  becU  are  well  Been  at  Kngton  in  Herefordshire, 
and  at  Downton  Cutle  near  Ludlow,  where  ibej  an  qaanied  for 
boildinE- 

b.  Grey  SandMlone,  ^. — The  next  Bubdivisian  of  the  Upper 
Ludlow  conaiats  of  grey  calcareoua  sandstone,  or  veiy  commonly  a 
micaceous  stone,  decomposing  into  soft  mud,  and  conttun^  beaides 
the  thells  just  quoted,  the  Lingvia  eomea,  which  ia  common  to  it 
and  the  Tileatone  beds.  The  Orthit  orbicularu,  a  round  varietj  of 
0.  et^antuUt,  is  characteristic  of  the  Upper  Ludlow;  and  the 
lowest  or  mudstone  beds  are  loaded  fbr  a  ttuckneaa  of  30  feet  with 
JAyrit  navieuia  (fig.  568.).     As  usual  in  strata  of  the  Frimaiy 

n(.  HI  '        ptf.  Kt. 


periods,  the  brachiopodovi  molluiea  jnwlominate  over  the  lamelli- 
branchiate ;  but  the  latter  are  1^  no  means  unrepresented.  Among 
other  genera,  for  example,  we  obserre  Avieula  (or  Iterimea),  Car- 
diola,  Nveula,  SangttimoliU*,  and  Modiola. 

S<»ne  of  the  Upper  Ludlow  sandstonea  are  ripple-marked,  thus 
affording  eridence  of  gradual  deposition ;  and  the  same  may  be  said 
of  the  accompanying  fine  argillaceona  ahales  which  are  of  great  thick- 
ness, and  have  been  proTincially  named  "mudstonee."  Li  some 
of  these  ahalea  atems  of  crinoidea  are  found  in  an  erect  poeition, 
haTing  evidently  become  fossil  on  the  spots  where  tiiey  grew  at 
the  bottom  of  the  aea.  The  &cility  with  which  these  rocks,  when 
exposed  to  the  weather,  are  reaolred  into  mad,  prorea  that,  not- 
withatanding  their  antiquity,  they  are  nearly  in  the  state  in  which 
they  were  flrat  thrown  down. 

The  bone-bed  of  tiie  Upper  Ludlow  deserrea  especial  notice 
as  affording  the  oldest  well-authenticated  example  of  the  fossil 
remains  of  fiah.  It  usually  consiata  of  a  single  thin  layer  of 
brown  bony  fragments  near  the  junction  of  the  Old  Red  Sandatone 
and  the  Ludlow  rocka,  and  waa  firat  obserred  by  Sir  B.  Mur- 
chisoD,  near  the  town  of  Ludlow,  where  it  is  three  or  four  inches 
^lick.  It  has  since  been  traced  to  a  distance  of  46  miles  from  that 
ptnnt  into  Gloucestershire  and  other  coundea,  aud  ia  commonly 
not  more  than  an  inch  thick.  At  May  Hill  two  bone-beds  were 
obserred,  with  14  feet  of  intervening  atrata  full  of  Upper  Lud- 
low fossiUe.*    At  that  point  immediately  above  the  upper  fiah-bed 

*  UnrduKMi'i  Kloria,  pp.  187—^87. 
rr  S 
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nnm«r(ms  globnUr  bodies  mre  found,  which  were  dstermined 
by  Dr.  Hooker  to  be  the  spores  of  k  cryptogunic  laad-jdant^  pro- 
iMbly  Lycopodiftceons.  These  beds  occur  jnst  beneath  the  lowed 
strata  of  the  "  Old  Bed."  Some  of  the  fish  are  of  the  shark  family, 
and  their  defences  are  referred  to  the  genns  Onehut  (fig.  569.).  Then 
are  also  numerous  minute  shagreen  sc^es  (fig.  ffiO.),  irhich  nuy 
If- Ma.  ni.m 


possibly  belong  to  the  same  p!acoid  fish.    The  jaw  and  teeth  of 
g^  ^„  another   predaceous   genos    (fig.  571.)  hiTS 

also  been  detected.    As  usual  in  bone-bed^ 

'  the  teeth  and  bones  are,  for  the  mmt  part, 

""i^SiH'     f'^K™^°^^'7  <utd   rolled.     Many  statenwota 

have  been  published  of  fish  remains  obtaiiwd 
from  older  members  of  the  Silurian  series ;  but  Mr.  Salter  has  ihowi 
all  these  to  be  spurious.*  Professor  Phillips  has,  however,  diseoTsrad 
fish-bones  at  the  bottom  of  the  "  Upper  Ludlow,"  at  its  jnnc&awilk 
ttie  Aymestry  Bock|;  and  lower  than  Has  no  one  seems  as  yet  to 
have  succeeded  in  tracing  them  downwards,  whether  in  Europe  or 
North  America,  for  M.  Barrande's  most  ancient  ichthyolites  (bony 
fragments.  8  inches  long)  occur  in  the  Upper  Silurian  of  Bohemis; 
and  those  of  the  American  geolc^sta  are  from  the  Oriskany  Sand- 
stone, a  formation  which  is  still  considered  as  debateahle  gtoaod 
between  the  Deronian  and  Silurian  systems  (see  p.  430.  above). 

In  England  it  is  true,  as  in  the  United  States  and  Canada,  glo- 
bular, cylindrical,  or  flattened  masses  have  been  detected,  oom- 
posed  principally  of  phosphate  of  lime,  in  the  Lowest  ^lorisa  rock% 
and  they  have  been  suspected  to  be  coprolitic  Messrs.  Logaa  ud 
Hunt  have  recently  shown  that  shells  of  the  genera  Linfftda  sod 
OtHetda,  which  oecnr  abundantly  in  the  same  fonnadon^  ve 
also  made  up  of  phosphate  and  carbonate  of  lime,  mixed  in  the  Hks 
proportions ;  and  it  has  been  suggested  that  the  decompoaitioD  of  soeli 
shells  might  give  rise  to  the  nodules  alluded  te  which  may  owe  ibfot 
form  to  concretiaaary  action.  J  Even  if  the  Eoologist  should  think 
it  more  likely  that  the  phosphatic  matter  was  rqeeted  in  &c*l 
lumps,  by  creatures  feeding  on  Idnguln  and  Orbicnl*^  we  eHUWt 
dedde  tlutt  such  feeders  were  of  the  vertebrate  class,  rather  tkin 
Cephalopods,  Crustaceans,  or  some  otber  of  the  Livertebrata.  In 
regard  to  the  doctrine  of  the  supposed  non-existenoe  of  fi)h  is 
the  Silurian  seas  before  the  time  <^  the  Ludlow  bone-bed,  I  dn^ 
consider  that  question  fully  in  the  concluding  pages  of  this  ditftti, 
p.  467.,  ef  Mf  . 

i  LogMi  andHant;  SlIiniM'i  Jmul 
Ho.  60.  Id  SNiea  Manh  18H. 
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2.  Aytnetlty  UrHettone.  —  The  next  group  is  a  subcrystaUine  and 
urgiUaceous  limestone,  irbicli  is  in  some  places  50  feet  thick,  and 
distingaished  around  Ayraeatrj  hy  the  abundance  of  Pentamerus 
KnishtU,  Sow.  (fig.  572.;^  also  found  in  the  Lower  Ludlow.     This 


Pnfowriu  XaftAM,  Sow.    AjmtUir.    Hilf  lut.  ill*. 
a.  iltw  of  both  tulia  iinlut. 
^  longlludlDal  lectiHi  (bnmfli  both  Tftltn^  ihowlni  ths  «otrjU  pliitoi  or  lapU. 

genus  of  bmcliiopoda  was  first  found  in  Silurian  strata,  and  is  ex- 
clusively a  paleozoic  form.  The  nune  was  derived  from  imri,  pente, 
five,  and  ptpot,  merot,  a  part,  because  both  valves  are  divided  by  a 
central  septum,  making  foar  chambers,  and  in  one  valve  the  septum 
itself  contains  a  small  chamber,  making  five.  The  size  of  these  septa 
is  enormous  compared  with  those  of  any  other  brachiopod  shell ;  and 
ihey  must  nearly  have  divided  the  animal  into  two  equal  halves ; 
but  they  are,  nevertheless,  of  the  same  nature  as  the  septa  or  plates 
which  are  found  in  the  interior  of  Spirifer,  Terebratuia,  and  many 
other  shells  of  this  order.  Messrs.  Murchison  and  De  Vemeuil  dis- 
covered this  species  dispersed  in  myriads  through 
'*'  a  white  limestone  of  Upper  Silurian  age,  on  the 

banks  of  the  Is,  on  the  eastern  flank  of  the  Urals 
in  Russia,  and  a  similar  species  u  frequent  in  Swe- 
den. 

Three  other  abundant  shells  in  the  Aymestry 
limestone  are,  1st,  Liftgula  Levntii  (fig.  573.)  ;  2d, 
Rhynehonella  WiUoni,  Sow.  (fig.  574.),  which  is 
also  common  to  the  Lower  Ludlow  and  Wenlock 
limestone ;  3d,  Atrypa  reticularu,  Lin.  (fig.  575.), 
U'f'mia  i.tvtm,  which  has  a  very  wide  range,  being  found  in  every 
AMmi^Huii.  part  of  the  Silurian  system,  even  in  the  upper 
portion  of  the  Llandeilo  flags. 

Fif ,  IT*. 

^ ^--^ 


BttndumtamlTtTtlmidal  WOtnt,  tow.    KjmHXri. 
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Jlrrf  nMailarA.  Unn.  (IV 

The  Ajmeatrj  Limestone  coatams  so  manj  sheUs,  conli,  ud 
trilobites  agreeing  speciGcally  with  those  of  the  subjacent  Weoloek 
limestone,  that  it  is  scarcely  distinguishable  from  it  by  its  fosolj 
_i^  g^  alone.     NeTertheleas,  many  of  the  orguie 

remains  are  common  to  the  Aymesby  line- 
stone  and  the  Upper  Ludlow,  and  aeTecal 
of  these  are  not  found  in  the  Wenloct' 

3.  Lower  Ludlow  thaUZ—Tius  man  is  a 

dark  grey  argillaceous  deposit,  containing, 

among  oUier  fossils,  many  Urge  chambered 

shells  of  genera  scarcely  known  in  newer 

rocks,  as   the  Fhragmocerat  of  Broderip, 

and  the  Lituites  of  Breyn  (see  figs.  5T6, 

577.).     The  latter  is  partly  straight  and 

partly  convoluted,  nearly  aa  in  Spintta. 

The  Orthocenu  Ludmte  (fig.  51^\  ** 

'oSSI™™'K«plSl-«!'wita  T'  "*^  "*  ^^  cephalopod  last  mentioned,  ii 

Afuuff  iiiui.  •!>■.         peculiar  to  this  member  of  the  seriea. 

fit.  WT.  Flf-  Ki- 


A  species  of  Graptolite,  G.  LudentU,  Murch.  (fig.  586.,  p.  441.^  * 
form  of  soophyte  which  has  not  yet  been  met  with  in  slnU  abore 
the  SiluriaD,  occurs  plentifully  in  the  Lower  Ludlow. 

■  HoichiMni*!  Siloiia,  p.  isa. 
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Wadoek  forma^on. — We  next  come  to  the  Wenlock  formation, 
wbici)  IiM  been  divided  (see  Table,  p.  434.)  into  the  Wenlock  lime- 
stone and  the  Wenlock  sihale. 

1.  The  Wenlock  limestone,  formerly  irell  known  to  collectors  by 
the  name  of  the  Dudley  limeBlone,  forms  a  continnons  ridge  in  Shrop- 
shire, ranging  for  abont  20  miles  from  S.W.  to  N^.,  about  a  mile 
distant  from  the  nearly  parallel  escarpment  of  the  Aymestry  limestone. 
This  ridgy  prominence  is  due  to  the  solidity  of  the  rock,  and  to  the 
softness  of  the  sh&lea  above  and  below  it.  Near  Wenlock  it  consiats  of 
thick  masses  of  grey  sabcrystaUine  limestone,  replete  with  corals  and 
encrinites.  It  ia  essentially  of  a  concretionary  nature ;  and  the  con- 
Fif.nv.  cretions,  termed  "ball-Btones"  in  Shropshire, 

are  often  enormous,  even  80  feet  in  diameter. 
They  are  of  pure  carbonate  of  lime,  the  sur- 
rounding rock  being  more  or  less  argilla- 
ceons.*  Sometimes  in  the  Malvern  Hilla  this 
limestone,  according  to  Professor  Phillips,  is 
oolitic 

Among  the  corals  in  which  this  formation 
ia  BO  rich,  the  "  chtun-coral,"  HalyriUs  catenu- 
latus,  or  Catenipora  eseharoidei  (flg.  579.), 
may  be  pointed  out  as  one  very  easily  recog- 
nized, and  widely  spread  in  Europe,  ranging 
through  all  parts  of  the  Silurian  group,  from 
a^uiaua  aunna—  Una        *^^  Aymestry  limestone  to  near  the  bottom  of 
S}ii.t^<nup«rauWi>Ma,aDid.  the  Bories.  Another  coral,  the  Favotitea  Goth- 
""  "  /afu&a  (fig.  580.)y  is  also  metwith  in  profusion 

in  lai^e  hemispherical  masses,  which  break  up  into  prismatic  frag- 
ments, like  that  here  figured  (fig.  580.).  Another  common  form  in 
the  Wenlock  limestone  is  the  Ompkyma  (fig.  581.),  which,  like  many 
of  its  companions,  reminds  us  of  some  modem  cap-corals,  but  all  the 
Silurian   genera    belong   to  tbe  paleotoic    type  before-mentioned 


■  Mmehiwai'f  Slrau,  p.  us. 
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(p.  407.),  exhibiting  the  quadripartite  urangement  of  the  luadls 
within  ihe  cup. 

Among  the  nomeroua  Criaoids,  seveni  peculiar  specieg  of  Cfa- 
thocnttxu  (for  genua,  see  figa.  p.  409.)  contribute  their  calcveoos 
Btems,  armB,  and  cups  towards  the  composition  of  the  Wenlock  time- 
Btone.  Of  CystideanB  there  are  a  few  very  remarkable  fonn^  same 
of  them  peculiar  to  the  Upper  Silurian  formation,  as  for  example 
the  Pteuflwsrwlea,  which  was  furnished  with  pinnated  fixed  ama*, 
as  represented  in  the  annexed  figure  (flg.  582.). 

The  Brachiopoda  are  for  the  most  part  of  the  same  speues  at  those 
of  the  ATmeet^  limestone ;  as,  for  example,  Atrypa  reticvlaru  (Gg. 
575.,  p.  438.),  and  Strophomena  depruta.  Sow.  ap.  (flg.  583.);  bet 
tbeae  species  range  also  through  the  Lndtow  rocks,  Wenlock  sbtle, 
and  Caradoc  Sandstone. 


The  Crustaceans  are  represented  almoet  excluatvely  hj  Trilobilts, 
which  are  \erj  conapicuons.  The  Co^mene  Blwnenbaehn,  called 
the  "Dudley  Trilobite,"  was  known  to  collectors  long  before  it«  ime 
place  in  the  animal  kingdom  was  ascertuned.  It  ia  often  found 
coiled  up  like  the  common  Oniscus  or  wood-louse,  and  thb  is  so 
common  a  circumstance  among  the  trilobites  as  to  lead  ns  to 
conclude  that  thej  must  have  habitually  resorted  to  this  mode  of 
protecting  themselves  when  alarmed.    Spharexochus  mint*  (fig.  586.) 
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is  Klmoflt  a  globe  when  rolled  up,  tlie  forehead  of  this  species  being 

extremely  inflated.     The  Sbmalonotiu,  a  form  of  Trilobite  in  which 

the   tripartite    division  of   the  donal  crust  is 

^'  ahnoat  lost  (aee  fig,  587.),  is  very  characteristic 

of  this  division  of  the  Silurian  series. 

2.  7^  fFidock  Shale.— Thin,  observea  Sir  B. 
Murchison  *,  is  infinitely  the  largest  and  most 
persistent  member  of  the  Wenlock  formation,  for 
the  limestone  often  thins  out  and  disappears.  Hie 
shale,  like  the  Lower  Ludlow,  often  contains 
elliptical  concretions  of  impure  earthy  limestone. 
In  the  Malvern  district  it  is  a  mass  of  finely  le- 
vigated argillaceous  matter,  attaining,  according 
to  Prof.  Fhillips,  a  thickness  of  640  feet,  but  it 
is  BometimeB  more  than  1000  feet  thick  in  Wales. 
The  prevailing  fbaails,  besides  corals  and  trilo- 
bites,  and  some  crinoids,  are  several  small  species 
of  Orihit,  with  other  brachiopods  and  certain  thin- 
sbeUed  species  of  OrtkoeeratUet,  One  species  of 
-^  Graptolile,  a  group  of  soophytes  before  alluded 
to  as  being  confined  to  Silnrian  rocks,  is  very 
j^  abundant  in  this  shale,  and  occurs 

more  sparingly  in  "  the  Ludlow." 

'•'•*'*»«!»S8ftiS*5»KSS*6  Of  these  fossils,  which  are  more 
characteristic  of  the  Lower  Silurian, 
I  shall  agam  speak  in  die  sequel 
(p.  446.). 

HIDDLE  BIL17BIA1T  BOCKS. 

Caradoe  Sandstone. — lliis  sandstone,  so  named  from  a  mountain 
caDed  Caer  Caradoc,  in  Shropshire,  was  originally  considered  by 
Sir  Boderick  Morchisos  as  the  sandy  and  upper  portion  of  the 
Lower  Silurian  strata.  Subsequent  investigationB  have  led  to  the 
conclusion  that  the  original  or  typical  Caradoc  is  divisible  into  two 
formations, — the  lower,  an  arenaceous  form  of  the  Llandello  flags, 
and  containing  identical  species  of  fossils;  the  other  or  superior 
sandstone,  a  series  of  strata  resting  imconformably  on  the  Llandeilo 
beds,  and  chiefly  characterized  by  Upper  Silurian  fossils,  yet  having 
some  intermixture  of  species  common  to  the  "  Lower  Silurian," 
Hence  the  Caradoc,  as  distinct  from  the  Llandeilo,  must  either  be 
classed  as  the  base  of  the  Wenlock  Shale,  an  opinion  to  which  some 
authorities  incline, — or  it  may  be  regarded  as  a  Middle  Silurian 
groDp,  an  alteraative  which  I  have  embraced  provisionally  in  common 
with  many  officers  of  our  Government  Survey.  The  larger  part, 
therefore,  of  what  was  once  termed  "  the  Caradoc  "  has  mei^ed  into 
the  Llandeilo,  and  is  the  equivalent  of  the  upper  and  middle  portions 
of  that  division. 

The  first  step  towards  placing  in  a  clearer  light  the  relations  of 

"  the  Caradoc  "  to  the  strata  above  and  below  it,  was  made  in  184S 

•  8aiirii,Ii.llI. 
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hy  Professor  Bamsay  and  Mr.  Aveline,  who  obeerred  that  to  tbt 
LoDgmjod  Hills  the  Carodoc  aandatone  rested  nacoDfomi^j  in 
the  Lower  Silurian,  and  that  the  latter  or  "  Llandeilo  flags,"  together 
with  some  still  older  rocks,  must  have  constituted  aa  island  in  Hie 
Caradoc  sea.  Professor  E.  Forbes  at  the  same  time  observed  tluU 
the  island  was  probably  high  and  steep  land  rising  from  a  deep  aea, 
and  that  the  Caradoc  fossils,  some  of  them  of  littoral  aspect,  u 
Liitorina  and  TurrUella,  were  deposited  round  the  margin  of  tint 
ancient  land.  It  was  also  remarked  that  while  the  sandscooe  anl 
conglomerate  of  this  upper  Caradoc  *  reposed  unconformable  oa  flu 
Llandeilo  beds,  it  at  the  same  time  graduated  upward^  as  Sir  £. 
Murchison  had  stated,  into  the  Wenlock  Shale. 

Snbseqnentiy  Professor  Sedgwick  and  Mr.  M'Coy,  pursuing  thor 
investigations  independentlj  of  the  Survej  in  North  Wales,  becvne 
convinced  f  that  the  Caradoc  beds  of  Maj  Hill  and  the  Valverns, 
constitating  the  Upper  Caradoc,  alreadj  mentioned,  were  fall  of 
Upper  Silurian  fossiL ;  and  that  the  strata  of  Caradoc  sandstone  at 
Horderly  and  other  places  east  of  Caer  Caradoc  belonged  to  the 
Bala  group  (or  equivalent  of  the  Llandeilo),  being  distinguished  b; 
Lower  Silurian  species.  This  opinion  was  finaUj  substantiated  b; 
Mr.  Salter  and  Mr.  Aveliue,  in  1853,  bj  an  appeal  to  part«  of 
Shropshire  where  "  the  Caradoc  "  had  been  originally  studied  by 
Sir  R.  Murchison,  and  where  they  found  the  Upper  Caradoc  uncoo- 
formable  on  the  lower,  and  filled  with  a  series  of  very  distinct  fossils.} 

In  the  restricted  sense,  therefore,  in  which  it  is  now  understood, 
the  Caradoc  Sandstone  comprises  a  series  of  beds  of  passage  from 
the  Ijower  to  the  Upper  Silurian  group.  It  is  everywhere  cha- 
racterized by  species  of  Pettfamenu  and  Atrypa  unknown  in  tbe 
overlying  Wenlock  or  Ludlow  beds,  but  which  descend  into  the 
strata  of  the  Llandeilo  group.     PetUamerKt  lavis  (fig.  589.),  and 


:■,  Sdv.    Cindoc  Sndilaiw. 
Fsriiapt  tbs  TOUIIf  or  PmlamKmi  Mirnt*!. 
a,».  TIewi  or  Ih*  Ihall  lUtir.  nam  ngurn  In  Hurchlion-i  Sll.  Siit. 
b  Cut  •lib  ponloa  of  itisll  nmilnlai.  ud  irltti  ifae  hallnv  orifi*  lanin]  •Mim  fllM  vUi  ifB. 

t  GeoL  Quufc  Jonn,  toL  x.  il  O. 

i,i,,,,,-..i^,Coo>^[c 


Ca.  X2VIL]  UiWEH  SILUBIAS  BOOKS.  443 

P.  Mongiu  maj  be  particularly  mendoned  as  brachiopoda  which 
abounded  in  Silnria,  uid  had  a  reiy  wide  geographical  range,  being 
^  ^  met  with  in  the  Mine  place  in  the  Silurian 

series  of  Bnsaia  and  the  United  States. 
,  Among  its  fosaila,  to<^  Tentaculiiei  an- 
I  (fig.  590.),  an  annelid  probablj 
k  allied  to  Serpula,  is  exceedinglj  commMi. 
>  This  also  ia  a  link  to  connect  it  with  the 
Lower  rather  than  the  Upper  Silurian. 
All  the  shelly  sandstone  of  the  Ualvem 
and  Abberly  Hills,  of  Tortworth  in  Gloa- 
cestershire,  and  of  the  centre  of  the  JAkj 
SU  and  Woolhope  diatricts  belong  to  this  Middle  Silnrian,  whidi 
in  the  Malvem  range  attains  t  thickness  of  600  feet.  Of  the  same 
age  are  dense  masses  of  sandstone  with  shale,  2000  feet  in  thickness, 
in  the  higher  and  disturbed  regions  of  North  Wales,  as  in  the 
Berwjn  Mountains  for  example.  According  to  Professor  Sedgwick 
the  hard  qnartzose  Coniston  Grits  of  Westmoreland  may  also  be 
rrferred  to  the  aame  period. 

LOWEB  fllLUKLUT  BOGKB. 

Uandeilo  FtagM.  —  The  Lower  Silurian  strata  were  originally 
divided  by  Sir  R.  Murchison  into  an  upper  group,  already  described, 
and  termed  the  Caradoc  Sandstone,  and  a  lower  one,  c^ed,  irom  a 
town  in  Caermarthenshire,  the  LlandeiJo  flags.  The  strata  last  men- 
tioned consist  of  dark-coloured  micaceous  flags,  frequently  calcareous, 
with  a  great  thickness  of  shalee,  generally  black,  below  them.  The 
«ame  beds  are  also  seen  at  Builth  in  Radnorshire,  and  here  they 
are  interstratified  with  volcanic  matter.  Above  these  typical 
Llandeilo  beds,  however,  the  Lower  Silurian  contains,  both  in 
North  and  South  Wales,  some  strata  in  which  the  Fentameri  <^ 
the  ICddle  Silurian,  already  alluded  to  (p.  442.),  are  associated 
with  species  of  fossils  identical  with  tiiose  in  the  Llandeilo  flags. 
The  corab  of  the  calcareous  sone  of  the  Llandeilo  belong  to 
the  genera  Bafyiitet  (see  fig.  579.),  HeUoUtei,  Fetraia,  Stettopora, 
Fawmiu  (fig.  C80.),  and  others';  and  there  are  peculiar  Crinoida 
and  Cystideans  in  the  same  rocks.  These  last  are  amongst  the 
moat  recent  additions  made  by  paleontologists  to  the  Radiala, 
TbitDX  stmctnre  and  relations  were  first  elucidated  in  an  essay 
published  by  Von  Buch  at  Berlin  in  1845.  They  are  the  ^^Iub- 
roniU*  of  old  authors,  and  are  usually  met  with  as  spheroidal 
bodies  covered  with  polygonal  plates,  with  a  mouth  on  the  upper 
side,  and  a  point  of  attachment  for  a  stem  (which  is  almost  alwaya 
broken  off)  on  the  lower  (fig.  591.  h).  They  are  considered  by 
Professor  £.  Forbes  as  intermediate  between  the  crinoids  and  echi- 
noderms.  The  Sphieronite  here  represented  (fig.  591.)  occurs  in 
the  Llandeilo  beds  in  Wales  f,  as  also  in  Sweden  and  Russia. 

*  HnichisoD'i  SQaria,  p.  178.  f  Qurt  OeoL  Jonra.  toL  tE  p.  II, j 
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Examples   are  not  w&nting,  tboflgh 

very  rare,  of  star-fish  in  the  same  beds. 

Bnchiopod  shells  are  in  the  greatest 

abundance,  chiefly  of  the  genera  Orttut, 

Lepbaia,  and  Strophomena  (fig.  591.). 

Of  the    Orthidet    tiiose    species  vith 

broad  simple  ribs  (fig.  592.)  are  parti- 

cularly  characteristic.     Snch  didlj  u 

Atrypa  and  Spirifer,  so  frequent  in  the 

Upper  and  Middle  Silurian,  are  rare  or 

confined  to  the  superior   port  of  the 

!icbwtu,(^    Lower    Silurian,    while    Chotuta  and 

"^''■*  ProductuM  are  wholly  absent    It  is  ro- 

*  L^'rl"^Ti  n'^b        markablo,  however,  that  Rkjpulumdla 

and  Littgula,  genera  of  which  there  are 

living   representatives  in  the  present  seas,  were  common  in  the 

n  ocean. 


Horlerij.  SfanipUilr 


Among  the  Cephalopoda  are  Orthoeeratitet,  with  the  Biphonele  of 
liU'ge  dimensions  and  placed  on  one  side ;  also  LituUet  (see  fig.  5TT-). 
BelUrophon  (see  p.  411.),  and  some  of  the  floating  tribes  of  mol' 
Insca  (Pteropods).  The  Crustaceans  were  plentifully  represented 
by  the  Trilobites,  which  appear  to  have  swarmed  in  the  Silurian 
seas  just  as  crabs  and  shrimps  do  in  our  own.  The  genera  Aiapkv 
(fig.  595.),  Offygia  (fig.  596.^  and  TrimeleKt  (figs.  697,  598.)  •« 
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espedall^  chftracteristic  of  strata  of  this  age,  if  not  entird;  con- 
fined to  tbem;  bat  very  numerous  other  genen  accompany  these. 
Banneister,  in  his  work  on  the  organization  of  trilobites,  suppoaes 
them  to  have  swum  at  the  snrface  of  the  water  in  the  open  sea  and 
near  oouts,  feeding  on  smaller  mariBe  animals,  and  to  have  had  the 
power  of  rolling  themselres  into  a  ball  as  a  defence  against  injury. 
He  was  also  of  opinion  that  they  underwent  rarious  transformationi 
analogous  to  those  of  living  crustaceans.  M.  Barrande,  author  of  an 
admirable  work  on  the  Silurian  rocks  of  Bohemia,  confirms  tiie  doctrine 
of  their  metamorphosis,  having  traced  more  than  twen^  speciei 
through  different  stages  of  growth  from  the  young  state  just  after 
its  escape  from  the  egg  to  the  adult  form.  He  has  followed  some  of 
them  from  a  point  in  which  they  show  no  ^es,  no  joints  to  the  body, 
and  no  distinct  tail,  up  to  the  complete  form  with  the  fall  number 
of  emments.  litis  change  ia  brought  abont  before  the  animal  has 
attuned  a  tenth  part  of  its  full  dimensions,  and  hence  such  minute 
and  delicate  specimens  are  rarely  met  with.  Some  of  bis  figures  of 
the  metamorphoses  of  the  commoa  Trittucltut  are  copied  in  the 
annexed  wood-cuts  (figs.  597,  698.). 


Tonfbi^Tldnali  orTMHetrM  nub 
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A  still  lower  part  of  the  Llandeilo  or  Bala  rocks  consists  of  a  black 
carbonaceous  slate  of  great  thickness,  frequently  containing  sulphate 
of  aluoiina  and  sometimea,  as  in  DnmfrieBshire.  beds  of  anthracite. 
It  has  been  coqjectored  that  this  carbonaceoas  matter  may  be  due  in 
giOdt  measure  to  bu^  quantities  of  imbedded  animal  remains,  for 
the  number  of  Graptolitee  included  in  these  slates  was  certainly  reiy 
great.  I  collected  these  same  bodies  in  great  nnmbera  in  Sweden 
and  Norway  in  1836-6,  both  in  the  higher  and  lower  graptolitic 
abalee  of  the  Siltirian  system ;  and  was  informed  by  Dr.  Beck  of 
C<q>enhagen,  that  they  were  fossil  eoophytea  related  to  the  Vigiilaria 
and  RttMatuia,  genera  of  which  the  living  ipeciea  now  inhabit  mud 
and  alimy  sediment.     The  most  eminent  naturalistB  still  hold  to  this 
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Beneftth  the  black  slatoB  abore  described  no  graptolites  appetr  u 
yet  to  have  been  found,  bat  the  dumcteristic  sheils  and  tritomtes  of 
the  Lower  Silurian  rocks  are  stiU  traceable  downvsrds,  in  North 
and  South  Wales,  through  a  rast  depth  of  shaly  beds,  interstntifieil 
with  trappean  formationB,  gometimea  not  leas  in  their  aggregitt 
thicknesa  than  11,000  feet  Hence  the  total  thickness  of  the  bed« 
assigned  to  the  Lower  Sitnrian,  or  the  Llandeilo  gronp  of  MurchisoD, 
is  not  less  than  20,000  feet,  and  the  Upper  Silurian  rocks  are  abore 
5000  feet  in  addition.  If  these  beds  were  all  exclnsivel;  of  sedi- 
mentary origin  we  might  well  expect,  from  the  analogy  of  other 
parts  of  the  earth's  crusty  to  find  ^t  they  moat  be  referred  pale- 
ontologically  to  more  than  one  era ;  in  other  words,  that  changes  in 
animal  and  vegetable  life,  as  great  as  those  which  occurred  in  tlie 
coarse  of  sereral  such  periods  as  the  Devonian,  Carbonifennu,  aod 
Permian,  would  be  found  to  have  taken  place  while  the  accomolalim  >. 
of  BO  enormous  a  pile  of  rocks  was  effected.  But  in  volcanic  archi- 
pelagos, as  in  the  Canaries  for  example,  we  see  the  most  active  <^ill 
known  causes,  aqaoons  and  igneous,  simultaneoualy  at  work  to 
produce  great  results  in  a  comparativeiy  moderate  l^ise  of  time. 
The  outpouring  of  repeated  streams  of  lava, — the  showering  down 
upon  land  and  sea  of  volcanic  ashes, — the  sweeping  seaward  of  kwee 
sand  and  cinders,  or  of  rocks  ground  down  to  pebbles  and  sand,  hj 
torrents  descending  steeply  inclined  channels, — the  nndenaining 
and  eating  away  of  long  lines  of  seaH^liff  exposed  to  the  swell 
of  a  deep  and  c^n  ocean, — above  all,  the  iqectioD,  both  above 
and  below  the  sea-level,  of  sheets  of  melted  matter  between  the 
lavas  previously  formed  at  the  surface, — these  operations  ma; 
combine  to  produce  a  considerable  volume  of  superimposed  matter, 
without  there  being  time  for  any  extensive  change  of  species- 
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Nererthelesa,  there  would  seem  to  be  «  limit  to  the  thickness  of 
ilonj  maases  fonned  even  under  ancli  fsTOurable  circimiBtancefli 
for  the  analogy  o£  tertitry  Tolcanic  regioDB  lends  do  cotmtenuice 
to  the  notion  that  sedimentarjr  and  igneoas  rocks  25,000,  mncb  less 
45,000  feet  thick,  like  those  of  Wales,  could  originate  while  one  and 
the  same  fauna  should  continne  to  people  the  earth.  If,  then,  we 
allow  that  25,000  feet  of  matter  maj  be  ascribed  to  one  system,  such 
08  the  Siluian,  from  the  top  of  "the  Ludlow"  to  the  base  of  "the 
Llandeilo  "  indusiTe,  we  may  be  prepared  to  find  in  the  next  series 
of  subjacent  rocks,  the  commencement  of  another  asaemblage  of 
species,  or  even  in  part  of  genera,  of  organic  remains.  Snch  appears 
to  be  the  fact,  and  I  shall  therefore  conclude  with  the  Llandeilo 
beds,  the  origin^  baee-lixie  of  Sir  R.  Morchison,  mj  account  of  the 
Bilarian  formations  in  Gtreat  BrittUD,  and  proceed  to  say  something 
of  their  foreign  equiralents,  before  treating  of  rocks  older  than  the 
Silurian. 

It  would  lead  me  into  too  long  a  digression  to  attempt  to  follow 
the  Upper,  Middle,  and  Lower  Silurian  into  Scotland,  the  lake 
conntrj,  Cornwall,  and  other  parts  of  the  British  Isles.  For  an 
account  of  these  rocks  in  Ireland,  the  reader  is  referred  to  CoL  Fort- 
lock's  Report  on  Tyrone,  to  the '  writings  of  Mr.  Griffith  and 
I*ro£  MOoy,  and  those  of  the  officers  of  the  Government  Surrey, 
as  well  as  to  the  sketch  recently  given  by  Sir  R  X  Morchison. 

When  we  torn  to  the  Cfmtinent  of  Europe,  we  discover  the  same 
ancient  series  occupying  a  wide  area,  but  in  no  region  u  yet  has  it 
been  observed  to  attain  great  thickness.  Thus,  in  Norway  and 
Sw^en,  the  total  thickness  of  strata  of  Silurian  age  is  scarcely 
equal  to  1000  feet*,  although  the  representatives  botb  of  the 
Upper  and  Lower  Silnrian  of  England  are  not  wanting  there,  and 
even  some  beds  of  schist  have  been  comprehended  which,  as  we 
shall  hereafter  see,  lie  below  the  Llandeilo  group.  la  Russia  the 
Silaixta  strata,  so  far  as  they  are  yet  known,  se^m  to  be  even  of 
smaller  vertical  dimensions  than  in  Scandinavia,  and  tJiey  appear  to 
consist  chiefly  of  Middle  and  Lower  Silurian,  or  of  a  limestone 
containing  J^tUanurtu  obiongvi,  below  which  ar«  strata  with  fossils 
corresponding  to  those  of  the  Llandeilo  beds  of  England.  The 
lowest  rock  with  oi^anic  remains  yet  discovered  is  "  the  Uogulite  or 
Obolns  grit "  of  St  Petersburg,  probably  coeval  with  the  Uandeili^ 
and  not  exhibiting  any  of  those  peculiar  forms  which  distinguish 
"  the  Lingula  flags  "  of  Wales,  or  the  Bohemian  "  primordial  fauna  " 
of  Barrande. 

The  shales  and  grits  near  Sl  Petersburg,  above  alluded  to,  contain 
green  grains  in  their  sandy  layers,  and  are  in  a  singularly  unaltered 
state,  taking  into  account  their  high  antiquity.  The  prevailing 
bracbiopods  consist  of  the  Oboltta  or  Ungulito  of  Pander,  and  a 
S^honotrtta  (see  flgs.  604,  605.).  As  bearing  on  the  antiquity 
of  this  formation,  it  ia  interesting  to  notice  that  both  genera  have 
recently  been  fonnd  in  our  own  Dudley  limestone. 

*  UuTcbiran'a  Siliuu,  p.  SSI. 


ii,Googlc 


SILUBIAN  STRATA  OF  UNITED  STATES.      [CB.XIT1L 


Among  the  green  gruns  of  the  sandj  strata  ftbore  meationed, 
PrafeeBor  Ehrenberg  luis  recently  (,1864)  annonnoed  his  dis4»Terj  of 
renuuns  of  fonuuinifera.  These  ue  caata  of  the  ceQe ;  and  smongtt 
five  or  ux  forms  three  are  conudered  hj  him  as  referable  to  existing 
genera  (e.  g^  Textnlaria,  Rotalia,  and  GvwUina). 

8IL1JBUM  STRATA  OF  :tHB  UldTSD  BTATSB. 

The  pontion  of  some  of  these  strata,  where  they  are  bent  nd 
higblj  inclined  in  the  Appalachian  chsiii,  or  where  tbey  are  nwif 
horizontal  to  the  west  of  ^t  chain,  is  shown  in  the  section,  %.  fOS. 
p.  392.  But  these  formations  can  be  studied  still  more  adrant*- 
geonaly  north  of  the  same  line  of  section,  in  the  States  of  New  Tml, 
Ohio,  and  other  regions  north  and  south  of  the  great  Canadian  laket. 
Here  they  are  found,  as  in  Bnssia,  nearly  in  horisontal  posititm,  sod 
ore  more  rich  in  well-preserved  fossils  than  in  almost  any  spot  in 
Earope.  In  the  State  of  New  York,  where  the  successioD  id  du 
beds  and  their  fossils  have  been  most  carefully  worked  oat  by  the 
Government  Sarveyors,  tlie  subdivisions  given  in  the  first  column  of 
the  annexed  list  have  been  adopted. 

Subdiviaotu  of  the  SUurian  Strata  of  iVew  York.    {Strata  Mw 
the  Oritkany  Sandtlone,  see  Table,  p.  430.) 

V»w  YoA  KuH*. 
I.  Upper  Fentamenu  Umcstong 
£  Ekicrfiial  Lnneatone         .    ■ 
3.  DdthTm  Sbsl^  limestone 
1.  PMlt«neru.  LuneBone  -^^^^j^  forn-iion.). 


Middk  dorian  (or  Caiadoe  Swd- 


6.  Onondaga  Sall-gronp 
J.  Ni^ua  Qroap 
S.  Clinton  Qronp 
9.  Medina  Sanditone 

10.  Oneida  CoDglonente 

11.  Oiej  SaodiKnw 
19.  Hudson  Kvet  OronpL 
la.  Utio  Slate 

1 4.  Trenton  LimeMone 

15.  Black-River  Limestone 

1 6.  Bird's-Eje  limeMone 

17.  Cbaif  JjmeMone 
IS.  Calcfierons  Sondstono 

19.  Pottdam  SandMone 

In  the  second  column  of  the  same  table  I  have  added  tJie  supposed 

British  equivalents.    All  paleontolt^iste,  European  and  Ameiicaai 


Lower  Slnnm  (or  Llandeihi  bedi). 
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socli  u  MM.  de  Yemeail,  D.  Sharpe,  Fro£  Hall,  and  othera,  who  Iiave 
entered  spon  this  campariRon,  admit  that  there  is  a  mu-ked  general 
corraipaDdetioe  in  the  smceseion  of  foasil  forms,  and  «Ten  speciee,  as 
we  bice  the  orgmie  ramaiu  dovntrards  from  the  ht^test  to  the 
lowcflt  heds ;  bat  it  is  impoBuble  to  parallel  each  minor  Bubdiviaion. 
bi  r^ard  to  the  three  following  points  there  is  Httle  difference  of 
opioioB. 

liiL  That  the  Niagara  Limeatone,  No.  7.,  over  which  the  rirer  of 
that  name  is  precipitated  at  the  great  cataract,  tt^^her  with  its 
anderlTiBg  shiJei,  corresponds  to  the  Wenlock  limestone  and  shale  of 
Eagbnd.  Among  the  speoiee  common  to  this  formation  in  America 
and  Evrope  are  Cdfymene  Bbtmenbaehn,  Homalotuibu  <le(pAmooe- 
pAaiKf  (fig.  £87.),  with  several  other  trilobites ;  RhfpteltaitMa  WUttmi, 
toA  R.  ameata  ;  Ortki*  tUgantttla,  Ptntamertu  gaUattu,  with  many 
more  brachicq>ods ;  Orthoceras  antailatum,  among  the  cephalopodons 
■hells ;  and  Fawuita  gotHamdica,  with  other  large  corals. 

SimL  That  the  CUnton  Groups  No.  8.,  oontaining  Pentamerus 
oUongitt  and  P.  Uem$,  and  related  more  nearly  by  its  fossil  species 
with  the  beds  above  than  witii  those  below,  is  the  equivalent  of  the 
Middle  Silurian  as  above  defined,  p.  441. 

3rd.  That  the  Hudson  Biver  Gronp,  No.  12.,  and  the  Trenton 
limestone.  No.  14.,  agree  paleontologically  with  the  Llandeilo  flags, 
containing  in  common  with  them  several  species  of  trilobites,  such 
MAMaphv»{I*oUltu)giga*,  Trinttcleut  conrmA-ictu  (fig.598.  p.445.)i 
and  varionB  shells,  such  as  Orthit  tlriatula,  Ortkit  biforata  (or  O.  lynx), 
O.  ponatm  (G.  ocddevtaUs  of  Hall),  BeUere^^ton  bilobaius,  fcc* 

Mr.  D.  Sharpe,  in  his  report  on  the  mollusca  oollected  by  me  &om 
these  strata  in  North  America  f,  has  concluded  that  the  number  of 
species  common  to  the  Silurian  rocks  on  both  sides  of  the  Atlantic 
is  between  30  and  40  per  cent.;  a  result  which,  although  no  doubt 
liable  1o  future  nuxtificatioa,  when  a  larger  comparison  shall  have 
been  made,  proves^  nevertheless,  that  many  of  the  species  had  a  wide 
geographical  range.  It  seems  that  comparatively  few  of  the  gas- 
teropods  and  lamellibranchiate  bivalves  of  North  America  can  be 
identified  specifically  with  European  fossils,  while  no  less  than  two- 
fifths  of  the  bracbiopoda,  of  which  my  collection  chiefly  consisted, 
are  the  same.  In  explanation  of  these  facta,  it  is  suggested  that 
moet  of  the  recent  brnchiopoda  (especially  the  orthidiform  ones)  are 
inhabitants  of  deep  water,  and  that  they  may  have  had  a  wider  geo- 
graphical range  than  shells  living  near  shore.  The  predominance  of 
bivalve  moUusca  of  this  peculiar  class  has  caused  the  Silurian  period 
to  be  sometimes  staled  "  the  age  of  brachiopodg." 

The  calcareous  beds,  Nos.  13,, 16,  17,  and  18.,  below  the  Trenton 
limestone  have  been  considered  by  M.  de  Yemeuil  as  Lower 
Silurian,  because  they  contain  certain  species,  such  as  Ataphut 
{laoUktt)  gigtu,  lUativ*  erauicattda,  and  Orthocerat  biUneatum,  in 
common  with  the  overlying  Trent<m  Limestone.^    But,  according  to 

•  See  Hnrchison'*  Silaiia,  p.  tl4,  {  Soc   OeoL  Fruiw,  BnUetin, 

t  Quart.  Ged.  Joom.,  toL  ir.  vol  iv.  p.  691.  1847. 
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ProC  Hall,  the  Ulmnut  waa  erroneouely  identified,  an  error  to  which 
he  confesaeB  that  he  hima^  contributed ;  and  on  the  whole  these 
lower  beds  contain,  he  thinks,  a  rerj  distinct  set  of  speues,  onlj 
three  or  fonr  of  them  oat  of  eigbty-three  passing  npwaida  into  the 
incumbent  formations.* 

Bo  this  as  it  may,  the  Black  Rirer  Limestone,  No.  15.,  eontaiiu 
certain  forms  of  Orthoctrai  of  enormous  size  (some  of  them  S  or 
9  feet  long !),  of  the  subgenera  Ormoeeraa  and  Endoeerat,  seeming 
to  represent  the  Lower  Silurian  or  Ortfaooeras  limestone  of  Swedea 
Moreover,  the  general  faciea  of  the  faana  of  all  these  beds  it 
essentially  similar.  Another  ground  for  extending  our  comparisoo 
of  the  Llandeilo  beds  of  Europe  as  far  down  as  the  caldferom 
sandstone  is  derived  from  the  researches  of  Mr.  Logan  in  Canada, 
and  the  study  by  Mr.  Salter  of  the  fossils  collected  by  the  Cam- 
dian  Surveyor  near  the  S.  E.  end  of  the  Ottawa  River,  where  one 
mass  of  limestone  incloses  species  common  to  all  the  beds  frcn 
the  Galciferons  Sandstone  (No.  18.)  up  to  the  Trenton  Limestow 
(Na  14.).  In  this  rock,  the  Ataphu*  gigai  and  otiier  well^nowa 
Trenton  species  are  blended  with  the  Maelurea  (a  leCl-haDdcd 
Evomphalut,  fig.  606.),  a  genus  characteristic  of  the  Chaiy  lims- 

FmOi/nBt  AOiBmrlU  SarU$,  lUfrr  MUsu,  Caui4a. 

a  Ficns. 


^'W'  stone,  or    No.  17;    and  Murchuonta   gneSii 

i  (fig.  607.)  is  another  Trenton  Limestone  species 

a  found   in  the   same  Silurian  limestone  of  Cs- 

^H  nadaf;  while  one  of  the  most  common  ebells 

J|K  in   it  is  the   Baphittonui?  {Ewtmphabu)  km- 

^^K  angulaium,    Hall,   a    species    characteristic   in 

^^y  New  York  of  the  Calciforous  Sandstone  itsel£ 

jVorcrWicxHi  iracfl...  H.JI.       Id  Canada,  as  in  the  Stole  of  New  Toii,  the 

*ih?T™i^L'™»»'  Potsdam   Sandstone  underiies   the  above-men- 

TM  genui  ii  cDiDmoc  In  tioned  calcareous  rocks,  but  contains  a  different 

Buit«  of  fossils,  as  will  be  hereafter  explained. 

In  parts  of  the  globe  still  more  remote  &om  Europe  the  Silurian 

strata  have  also  been  recognized,  as  in  South  America,  Australia, 

and  recently  by  Captoin  Strachey  in  India.     In  idl  these  r^ons  the 

faci^  of  the  fauna,  or  the  types  of  organic  life,  enable  us  to  recogniie 

the  contemporaneous  origin  of  the  rocks ;  but  the  fossil  species  are 

distinct,   showing    that    the    old  notioa  of   a  nnivetsal  difinsioD 

throughout  the  "  primieval  seas  "  of  one  uniform  specific  faona  w» 

•  Hall ;  Foraler  snd  Whitney's  Report         f  I*E"n.  Report,  Brit  Anoc  'iftriA, 
on  UkB  Superior,  Pt.  IL  1851.  pp.  69.  63. 
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quite  anfoonded,  geographical  proTinces  haring  erideatlj  existed  in 
the  oldeat  as  in  the  moet  modem  timea.* 

Wkelher  tke  SSurian  roeki  art  cf  deep-water  orufin.  —  The 
groimda  relied  upon  hj  Professor  E.  Forbes  for  inferriiig  that  the 
larger  part  of  the  Silorian  Fauna  is  indicatiTe  of  a  sea  mtnv  tiian  70 
fsthoms  deep,  are  the  following :  first,  the  smaU  size  of  the  greater 
Dnmber  of  coochifera ;  secondly,  the  paudl?  of  pectinibranchiata  (or 
spiral  uuivalTes) ;  thirdly,  the  great  number  of  floaters,  such  as 
BeBerophon,  Orthoeerat,  &c ;  fourthly,  the  abundance  of  orthidiform 
Iwachiapoda ;  fifthly,  the  absence  or  great  rarity  of  foasil  fish. 

It  is  doubtleas  true  that  some  liviDg  Ter^ratuia,  on  the  coast  of 
Australia,  inhabit  shallow  water ;  but  all  the  known  species,  allied 
in  form  to  the  extinct  Orthit,  inhabit  tJie  depths  of  the  se&  It 
should  also  be  remarked  that  Mr.  Forbea,  in  adrocating  these  views, 
was  well  aware  of  the  existence  of  shores,  bounding  the  Silurian  sea 
in  Shropshire,  and  of  the  occnirence  of  littoral  speciee  of  tbia  early 
date  in  the  northern  hemisphere.  Such  facte  are  not  inconsiBtent 
with  his  theory ;  for  be  has  shown,  in  another  work,  how,  on  the 
coast  of  Lycia,  deep  sea  strata  are  at  present  forming  in  the  Hedi- 
terranean,  in  the  vicinity  of  high  and  steep  land. 

Had  we  discovered  the  ancient  delta  of  some  large  Silurian 
river,  we  should  doubtless  have  known  more  of  the  sh^ow-water, 
brackish-water,  and  flnviatile  animals,  and  of  the  terrestrial  fiora  of 
the  period  under  consideration.  To  assume  that  there  were  no  such 
deltas  in  the  Silurian  world,  would  be  almost  as  gratuitous  an 
hypotbeaiB,  as  for  the  inhabitants  of  the  coral  islands  of  the  Pacific 
to  indulge  in  a  similar  generalization  respecting  the  actual  condition 
of  the  glob& 

C^MBBUM  QBOUP. 

upper  Cambrian.  —  We  have  next  to  consider  the  fossiliferona 
strata  that  occupy  a  lower  position  than  the  "  Llandeilo  beds," 
which  last  form,  as  we  have  seen,  the  Lower  division  of  the  great 
Silorian  series,  as  originally  defined  by  Sir  R  Mnrchisoo.  In 
the  Appendix  to  his  important  work  before  citedf.  Sir  Roderick 
has  given,  on  the  authority  of  Mr.  Salter,  a  list  of  no  lees  than 
96  species  of  fossils  (of  which  specimens  have  been  examined 
either  by  himself  or  Prof.  McCoy),  all  cimunon  to  the  Upper  and 
Lower  Silurian  strata,  or,  in  other  words,  which,  being  found 
either  in  the  Ludlow  or  Wenlock  beds,  are  also  met  with  in  the 
Llandeilo  formation.  The  rai^  upwards  of  so  many  species  from 
the  inferior  to  the  superior  group  shows  that,  independently  of 
the  link  supplied  by  the  Caradoc  or  Iffiddle  Silurian,  there  is  such 
a  connection  between  the  two  principal  divisions,  as  makes  it 
natural  to  asngn  the  whole  to  one  great  period.  To  attempt,  there- 
fore, to  give  a  new  name  to  the  Llandrilo  beds,  or  to  call  them 
Cambrian,  as  has  been  recently  proposed  by  some  geologists,  would 

■  K  FobM,  Aaait.  Addren,  18M.         f  Samu,  p,  4Se. 
Qoan.  JoDtiL  GeoL  Soc,  toL  x.  pi  38, 
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be  to  wt  in  violation  of  the  orduiBry  nlee  of  cluRtflc&tios,  ud 
would  creftte  much  confusion,  hj  distorbing  &  nomencUtvre  long  re- 
ceived and  originidly  MUblisbed  on  weU-deflned  poleontidogicd  dtu. 
In  SliropiliiTe^  the  clBsricml  region,  where  tbe  type  of  the  ^nriui 
group  vnB  first  mkde  iMit  bj  Mnrehiaon,  the  {brmations  Bobjicent  to 
the  Uandeilo  consiMed  of  qnartzose  rocks,  sterile  of  fesmla,  or 
yielding  little  more  Cbaii  pome  obsctire  fbcoidn  ta  North  Wilea, 
FrofesMT  Sedgwick  ftmsd  below  the  BiiU  limestone,  long  linM 
recogniied  m  the  equivnlent  of  the  Lkndeilo  flags,  a  vast  thjcknen 
of  sedimentary  and  volcanic  ro^s,  tbe  lithtdogickl  charseten  mi 
physical  featnres  of  which  he  studied  sMiduonriy  for  years,  dividing 
them  into  well-marked  formationi,  to  which  be  affixed  namca 
Collectively  tfaey  oonttitated  the  chief  part  of  the  rocks  called  bj 
him  "  Cambrian."  Hiey  were  devoid  of  limestone ;  but  in  a  gmp 
of  micaceons  sandstones  Hb.  K  Davis  discovered  in  1846  fte  Z«^ 
gula  named  after  him,  and  from  wbicdi  tiie  name  of  **  Ldngnia  fltg> 
haa  (dnce  been  derived.  In  these  flags,  abont  1500  or  SnOO  feet  ia 
thickneen,  several  oliier  toeaia  wen  afto-wards  feond,  of  diflersBt 
species  ^m  those  is  the  Llandrilo  beds.  Amongst  them,  triloliik^ 
Agiuattu  and  Conoetphaha  (for  genns,  see  fig.  614.),  and  some  rut 
Brachiopoda  and  Bryozoa,  still  onpnfolisbed  by  our  Ooveroment 
enrveyors,  have  been  detected,  and  in  tiie  inferior  bUu^  ristes  of 
N^orth  Wales  a  trilobite  called  Paradoxidf  (for  genus,  see  fig.  618.)^ 
a  form  still  more  characteristic  of  this  era,  together  witfc  anodter  of 
the  genns  Ohntu  (fig.  610.),  uaA  a  phyllopod  crustacean  (fig.  00fi.\ 


refOMafUii-Uiinia 


I  b&ve  before  observed,  that  between  the  Bala  Limestone  and  the 
Lingula  Flags  there  is  a  thickneis  of  11,000  feet  of  strata,  ia  which 
GraploUlet  and  certain  species  of  A»aphu*,  Cab/mene,  and  Ogygia 
occur.  These  may  be  referred  at  present  to  the  Silurian  serief^  bat 
the  exact  limits  between  them  and  the  Lingula  Flags  cannot  yet  be 
assigned. 

We  might  have  anticipated,  as  already  remarked,  p.  446l,  that, 
whenever  a  fossil  Fauna  was  discovered  in  the  Cambrian  strata,  it 
would  be  found  to  consist  of  distinct  species,  and  even,  to  a  large 
extent,  of  distinct  genera ;  {<jt,  altiioagh  geological  p^ods  are  at 
very  unequal  value  in  r^ard  to  the  lapee  of  time  (see  p.  IM.\  and 
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our  liaee  of  Mpantion  may  often  be  somewhat  arbitrarj,  ^et  in  no 
part  of  the  world  have  we  hitherto  examined  a  socceaaion  of  rocka 
lufing  H>  great  a  thicluuM  as  45,000  fee^  even  where  they  are  made 
up  in  part  of  v(4canic  materials,  which  have  been  reforred  to  one 
period  as  being  chartoteiiied  by  one  and  the  anme  fauna. 

The  first  formation  mentioiied  by  Fro£  Sedgwiok,  beneath  the  Bala 
Limeatone  (and  its  afisociated  beds  of  sandstoae)  in  S.  Walee,  are 
certain  beds,  7000  leet  thick,  called  the  Areaig  alatea  and  porphyry. 
Under  them  he  finds  the  Tremadoc  Slates,  1000  feet  thick,  and  next 
the  liagola  Flags,  already  described,  1500  fbet  or  more,  which,  in 
accordance  with  yiewa  first  pnt  Ibrward  by  Mr.  Salter,  I  hare 
referred  proviaiooally  to  an  Upper  Cambrian  group. 

Lotoer  Cambrian.  —  To  the  Lingula  Flags  last  euamerated,  another 
series  called  by  Prof.  Sedgwick  the  Bangor  Group,  succeeds  in  the 
descending  order,  comprising,  Ist^  the  Hnrlech  Grits,  500  feet  thick, 
and  next  the  Llanberis  Slates,  1000  feet.  These  formations  have 
M  yet  proved  barren  of  organic  remains  in  N.  Wales ;  but  in  Ireland, 
immediately  opposite  Anglesea  and  Caemarron,  rocks  of  the  same 
mineral  character  as  the  Bangor  Group,  and  occupying  precisely  the 
same  place  in  the  geological  series,  hare  afforded  two  species  of 
wophytes,  to  which  Professor  Forbes  has  given  the  name  of  OWuimia 
(figs.  61 1  and  612.).    The  position  of  these  rorks  has  been  decided 


by  the  OorenuDent  Surveyors,  and  confirmed  by  Sir  E.  Murchison, 
so  that  here  we  behold  llie  relics  of  the  most  ancient  organic  bodies 
yet  known.  We  are  of  course  unable  at  present  to  determine 
whether  they  belong  to  the  same  fauna  as  the  fossils  of  the  "Lin- 
gula Flags,"  or  to  an  older  one.  The  beds  containing  them  may 
pnmaionaUy  be  called  Lower  Cambrian,  for  it  will  always  happen 
that  our  inquiries  will  terminate  downwards  in  rocks  affording  very 
imperfect  materials  for  classification.  This  wilt  continue  to  be  the 
case,  however  many  steps  we  may  make  in  future  in  penetrating 
into  the  remoter  annals  of  the  past. 
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Bohemia, — H.  Barrende,  in  bis  admirable  monc^raph  on  the  Fk- 
leozoic  rocks  of  Bohemia,  has  laid  much  stress  on  the  distinctrKss 
and  isolation  of  wh&t  he  colls  the  "Frotosoic  schists,"  which  slUin 
a  tLickness  of  1200  feet,  and  lie  at  the  base  of  the  whole  Slnriu 
group,  as  dcSned  bj  him.  These  schists  have  no  limestone  usodtled 
with  them,  and  are  regarded  bj  M.  Bomuide  at  coatflmporueoas 
witJi  the  "  Lingala  Flags "  of  N.  Wales.  So  far  as  he  bis  jet 
carried  his  researches,  this  "primordial  fauna,"  as  he  designates  it, 
has  yielded  scarcelj'  any  other  fossils  than  Tiilobites,  the  otha 
animal  remains  consisting  of  a  Fteropod,  some  C^stidea^  aod  u 
Orthis,  all  of  new  and  peculiar  species.  Of  the  Trilobites,  eren  the 
genera,  with  the  exception  of  one  (^AgtioMtun,  flga.  615  and  616.),  sw 
peculiar.  These  genera  are  Paradoxidei  (see  lig.  613.),  of  which 
there  are  no  less  than  twelve  species,  Corioeepkahtt  (fig.  614.),  £Sjp< 

FauOt  itHMtlimal  FamUfrt—  Bidi  M »Hemt0, vr  " PrimarMat  Zat "  tfBanmli. 
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tocephalut,  Sao  (fig.  617.X  ArunuilMi, 

and  Hi/drocephabtt.     They  have  all  a 

facies  of  their  own,  dependent  od  the 

A7\'    T     'ffff  multiplication    of  their    thoracic  seg- 

fyj      I      ^B  ment^    and    the    diminution    of  theii 

't  caudal  shield  or  pjgidium. 

All  the  Bohemian  species  differ  u 
s»  tiinmu.  Birmadi.  In  Hi  tvIiwi  jet  from  txij  found  in  England,  wUck 
The  inijf"nL*b™Mih  inX^u  ifa>  ^V  *«  Owing  chiefly  to  the  vety  small 
true  ii».  'j[^'','^{^°^' ^■"^*;,^  number  as  yet  known  in  Great  Britain ; 
morphMU  pror*"**.  *\ '.  the  bodj  or  it  mav  be  due  entirely  to  the  iiJn- 
tiie  Hif*  d  The  tja  ua  iDtnHtDcM.  ence  of  geographical  causes  It  seemi 
Jni^rMdiM  ruU-KTown  niisui,  nevertheless  to  confirm  the  view  here 
t;inui™ii».i.rti™ii.  j^gjj_  ^f  j(,g  uprunordial  K>ne"beinj 

characterized  by  fossils  distinguishable  from  the  Llandeilo,  or 
Lower  Silurian  group ;  because  the  other  and  higher  Silurian  for- 
mations of  Barrande  have  each  of  them  many  species  in  ctmuDOB 
with  the  BuccesMve  subdivisions  of  the  British  seriee. 
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One  of  the  so-called  "  foinunrdial "  Trilobi(«8  of  the  genus  Sao, 
a  form  not  found  as  jet  elsewh^^  in  the  world,  lus  afforded  M.  Bair- 
nmde  a  fine  illustntiiKi  of  the  metsmorpfaoBis  of  these  creatares ; 
for  he  has  traced  them  through  no  less  than  twenty  stages  of  their 
develapment.  A  few  of  these  cbwages  have  been  selected  for  repre- 
seutatitm  in  the  accompanying  fignrea,  that  the  reader  may  learn  the 
gndnal  manner  in  which  different  segments  of  the  body  and  the  eyes 
make  their  appearance.  When  we  reflect  on  the  altered  and  crys- 
talUne  condition  nsnally  belonging  to  rocks  of  this  age,  and  how 
dsToid  of  life  they  are  for  the  most  part  in  iNorth  Wales,  Ireland, 
and  Shropshire,  the  information  raepecling  such  minate  dettula  of 
the  Natoral  History  of  these  cmstaceans,  as  is  snpplied  by  the  Bo- 
hemian strata,  may  well  excite  onr  astonishment,  and  may  reasonably 
lead  ns  to  indnlge  a  hope  that  geologists  may  one  day  gain  an  insight 
into  the  condition  of  the  planet  and  its  inhabitants  at  eras  long  an- 
tecedent to  the  Cambrian ;  for  those  parts  of  the  globe  which  have 
been  snbjected  to  a  scrutiny  as  rigorous  as  North  Wales  and  Bohemia 
are  inidgnifieant  spots,  and  we  are  erery  day  discovering  new  areas, 
espedalty  in  the  United  States  and  Canada,  where  beds  as  old  as  the 
"  primordial  achiste,"  or  older,  may  be  studied. 

Sweden  and  Norway.  —  The  lingula  Flags  of  North  Wales,  and 
the  "primordial  schists"  of  Bohemia,  are  represented  in  Sweden  by 
Btrnt^  the  fossils  of  which  have  been  described  by  an  able  naturalist, 
U.  Angelin,  in  his  "Palnontologica  Suecica  (1822-4)."  The  "alum 
schists,"  as  they  are  called  in  Sweden,  resting  on  a  facoid'Saodstone, 
contain  trilobites  belonging  to  the  genera  ParadoxideM,  Oleniu, 
AgttoMhu,  and  others,  some  of  which  present  rudimentary  forms,  like 
the  genus  last  mentioned,  without  eyes,  and  with  the  body  seg- 
ments scarcely  developed,  and  others  again  have  the  number  of  seg- 
ments  excessively  mnltiplied,  as  in  I^radoseidti.  These  peculiarities 
agree  with  the  characters  of  the  crustaceans  met  with  in  the  Upper 
Cambrian  strata,  before  mentioned. 

UnUed  State*  and  Canada.— la  the  table,  st  p.  448.,  I  have 
already  pointed  out  the  relative  position  of  the  Potsdam  Sandstone 
which  has  long  been  known  as  the  lowest  fossiliferous  formation  in 
the  United  States  and  Canada.  I  have  seen  it  on  the  banks  of  the 
St.  lAwrence  in  Canada,  and  on  the  borders  of  Lake  Chsmplain, 
wher^  as  at  Keeeville,  it  ia  a  white  quartzose  fine-grained  grit^ 
almost  pasting  into  qnartdte.  It  is  divided  into  horizontal  ripple- 
mmrked  beds,  very  tike  those  of  the  Lingula  flags  of  Britain,  and 
replete  with  a  small  round-shaped  Lingula  in  such  numbers  as  to 
divide  the  rock  into  parallel  planes,  in  the  same  manner  as  do  the 
scales  of  mica  in  some  micaceous  sandstones.  This  formation,  as  we 
learn  from  Mr.  Lc^an,  is  700  feet  thick  in  Canada ;  the  lower  portion 
consiating  of  a  conglomerate  with  quarts  pebbles;  the  upper  part  of 
sandstone  containing  fuco)d%  and  perforated  by  small  vertical  holes, 
which  are  very  characteristic  of  the  rock,  and  appear  to  have  been 
made  by  annelids  (^ScoliiAut  linearit). 

On  the  banks  of  the  St  Lawrence,  near  Beauhamois  and  else- 
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where,  man;  foesU  footprints  have  been  obserred  on  the  BwCka  oi 
its  rippled  Uyen.  These  iupressiona  were  firet  notioed  by  Mr. 
Abrsbsm,  of  Montreal,  in  1847,  and  were  auppoaed  to  be  teicks  of* 
tortoise ;  bat  Mr.  Logon  has  ainee  brooght  aome  of  the  sUbi  to 
London,  together  with  numeroua  caste  of  other  dab^  enabling  Pro- 
fessor Owen  to  correct  the  idea  flnt  entertMned,  and  to  deode  tint 
titeywere  not  dne  to  a  chelonian,  nor,  u  he  inugiDGB,to  anj  TerUAnta 
creature.  The  Hnnteiian  Professor  inclines  to  Uie  belief  that  Ihey 
are  the  trails  of  more  than  one  species  of  articnlate  animal,  prabibly 
allied  to  the  King  Crab,  or  Limyhu.  Between  the  two  mm  of 
foot-tracks  runs  an  impreased  median  liaa  or  channel,  siqiposed  by 
the  Professor  to  have  been  made  hy  a  caudal  (^ipendage  rather  thin 
hj  a  prominent  port  of  tlie  trunk.  Some  individnala  appear  to  hiTe 
bad  three,  and  others  five  pairs,  of  limbs  oaed  for  loctunotdoo.  Tbe 
width  of  the  tracks  between  the  outertnoBt  impieasioaa  varies  fron  3^ 
to  5^  inches,  which  would  inplj  a  creature  of  much  larger  dimea- 
BOQs  than  asj  organic  body  yet  obtuned  £rom  strata  of  sack  an- 
tiqni^.  Their  sise  alone  is  therefore  iaportaa^  as  warning  us  <tf  tie 
danger  of  drawing  any  inference,  from  mere  nagatiTo  eridmcc^ 
as  to  tbe  extreme  poverty  of  tbe  fauna  of  the  earlier  sens. 

Hr.  Logan  informs  us  *,  that  the  Lower  Silurian  strata  and  tbe 
Potsdam  Sandstone  in  Canada  rest  oncoaiformabty  on  a  still  (dder 
series  of  aqntona  rocks,  which,  as  he  says,  Eoay  be  Camlvian  (hawv 
CambriaB,  or,  perhaps,  atill  older?),  and  which  inclode  conglomcnlet 
and  beds  of  limestme.  In  both  of  these,  nodolea  of  phoephtfe  of  late 
are  frequently  obaerred.  That  these  contorted  rocks  are  of  afieou 
origin,  he  infert  &can  the  presence  of  qnaitx  pebbles  is  the  tOB^tt- 
raeratee.  Ti^ther  with  tbe  associated  igneous  mannnn.  this  aDdent 
series  attains  a  thickness  of  at  least  10,000  feet,  in  the  Lake  Hano 
diitrict,  and  includes  the  c<q»per-bearing  rocks  of  IkM  part  of  Caaads- 
Below  thece  again  lies  gneiss,  with  interstiatified  marble,  in  which 
crystals  of  phosphate  of  lime  both  large  and  small  are  not  vaeanmK 
This  phosphate,  ss  Mr. Logan  suggests,  may  have  "a  puntdeow 
nection  with  life  in  those  ancaeot  rocks." 

In  tbe  frontispiece  to  tiiis  volume,  and  in  fig.  83.  p.  59;,  the  reader 
may  refer  to  a  section  on  the  coast  of  Scotland  when  the  Denwiaa 
strata  lie  unconformably  on  the  bigUy  inclined  Parian  schtats,  and 
Z  have  cited  the  eloquent  reflections  c^  Playfair  when  be  looked,  with 
his  teacher  Hutton,  "  so  far  into  the  abyss  of  time."  But  in  th«  lake 
district  of  N.  America,  the  Potsdam  Sandstone^  forming  the  s{fer  or 
horiiontal  aeries,  is  older  than  even  the  inclined  strata  of  St.  Abb'a 
Head  in  Scotland.  In  Canada  again,  we  behold  the  nonumeDte  of 
stiU  another  period  in  the  remote  dutance,  attesting,  as  Fi^bir 
exclaimed,  **  how  much  farther  the  reason  may  go  than  tiie  imagiaa- 
tion  can  veoture  to  follow." 

ValUy  of  the  Upper  MiMtusippi.  —Mr.  Dale  Owen  has  Teeentiy 

published  a  gr^hic  sketch,  in  his  survey  of  Wisoonsin  (ISSS),  of 

the  lowest  sedimentar/  rocks  near  tlie  head-waters  of  the  Misaiap^ 

*  Qnart.  GeoL  Joorn.,  -ftJL  TiiL  p.  lia 
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Ijdag  ftt  the  base  of  the  whole  SilurUn  geries.     Thej  are  nuny 
^  ,„  hundred  feet  thick,  and  for  the  moat  part 

aimilarui  character  to  the  Fatadam  Sandstone 
aboTB  described,  but  including  in  their  upper 
portions  intercalated  bands  of  magneuaa 
Umeatone,  uid  in' their  lower  some  argilla- 
ceona  beds.  AmoBg  the  shells  of  these  strstft 
are  species  of  ZuipiiaaiidOrtli^  and  several 
trilobites  of  the  new  g«nas  DiMocifhaiu* 
(flg.  618.).  ThMe  rocka,  occurring  in  Iowa, 
Wisooiuin,  and  Uinnesot^  seem  destined 
hereafter  to  throw  fn^at  light  on  the  state 
of  organic  Ii&  in  the  Cambriaa  period.  Six 
beds  Gontainisg  trilobitee,  s^)a»ted  by  strata 

k  )«■■  gun  ■MM  <K  tfaa  Oi—M  merated. 
KriWBi.crai^oaui  iirp«      B^ottott     tf    SUmritM    aad    Cambriam 
*""'*"'*'■  FatMOM. —  That  there  is  a  considerable  con- 

aection  between  the  Canhnan  and  Lower  Sihuiaii  fauuu,  not- 
withstanding  that  nearly  every  species  maybe  distinct  aeeau  evident; 
but  it  may  not  be  a  closer  ooe  than  that  existisg  between  the  Upper 
SQanaD  and  Devonian.  This  I  infer  from  the  tbllowing  Ikets, — that  in 
BohemiB,  where  the  CsMbriaa  or  primwdial  &«na  of  Bamtode  is  bea^ 
developed,  it  oonasts  mainly  of  Trilobites ;  aod  (f  thb  order  more 
than  two  thirds  of  the  genera  and  all  the  species,  more  than  twea^  in 
nmber,  an^  with  one  exception  (Agnoahu  pii^ormii),  distinct  from 
the  Silozian.  Bat  M.  Barrande  observes  that  oat  of  thirty-niae 
Silurian  genera  of  Trilobites,  no  less  than  eleven  pass  upwards  into 
the  Devonian.  Jf,  therefore,  we  had  only  triloUlei  in  the  latter,  its 
geaeric  relationship  to  the  SiHrian  fauna  womld  appear  greater  than 
that  of  the  Silurian  to  the  Cambrian.  And,  though  the  detwls  of 
the  English  rocks  of  this  age  are  not  yet  fUly  known,  the  species  at 
bast  appear  all  to  be  distinct  The  same  hcJds  good  with  i^ard  to 
the  foaeila  of  the  Swedish  strata,  and,  as  we  have  seen,  to  those  of 


A  distinctive  character,  therefore,  is  given  to  the  fauna  of  this 
period,  by  which  we  seem  to  be  carried  one  st^  further  back  into 
tbe  history  of  organic  life. 

Supposed  Period  of  Invert^ate  Anmalt.  * 

We  have  seen  that  in  the  npyet  port  of  the  SUnrian  ^tem  a 
bone-bed  occnrs  near  Ludlow,  in  whidi  tbe  remains  of  fish  are  abun- 
dant, and  amongst  them  some  of  a  highly  organiied  structure,  re&rred 
to  the  genus  OtkIuu.  We  are  indebted  to  Sir  B.  Murchison  for 
having  first  announced,  in  1S40;  the  discovery  of  these  ichthyoliles, 
and  he  thai  spoke  of  them  as  "the  most  ancient  beings  of  their 
class."  In  his  new  and  excellent  work,  entitled  "  Siluria"  (p.  2S9.), 
be  reverts  to  the  opinion  formerly  expressed  by  him,  and  observes 
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thkt  tbe  active  researches  of  the  last  foortoen  jvina  in  Enrope  ted 
America  "  have  fiiiled  to  modify  that  generalizatLon,"  adding  "  the 
Silurian  a/stem,  therefore,  nut;  be  regarded  aa  repreaendng  a  ]aag 
earl;  period,  in  which  no  vertabrated  animaU  bad  been  called  into 


It  is  certainlj  a  &ct  well  worthy  of  onr  attention,  that  m  jet  no 
remaiiiB  of  fish  are  on  record  as  coming  from  an;  stratum  olds'  thin 
the  base  of  the  "  Upper  Ludlow."  (See  above,  p.  436.)  When  we  re- 
flect on  the  number  of  Mollusks,  Echinoderm^  ConUa,  Trilotnte^ 
and  other  fossils  already  obtained  from  Silurian  Btrata  below  "  tlis 
Ladiow,"  we  ma;  well  ask,  whether  an;  other  aet  of  fossiliferau 
formations  were  ever  studied  with  equal  diligence  and  over  so  vstt 
an  area  without  yielding  some  ichth;Dlite8. 

Nevertheless,  we  must  be  permitted  to  heutate  before  we  accept, 
even  on  snch  evidence,  so  sweeping  a  conclusion,  as  that  the  globc^ 
for  ages  after  it  was  habitable  b;  all  the  great  elacaon  of  inverte- 
brata,  remained  wholl;  untenanted  b;  vetebrale  animals.  In  the  first 
place,  we  most  remember  that  we  have  detected  no  insecte,  or  land- 
shells,  or  freshwater  pulmoniferoos  mollusks,  or  terreatrisl  cnu- 
taceans,  or  plants  (except  facoids),  in  rocks  below  the  Ujqtn- 
Silurian.  Their  absence  ma;  admit  of  explanation,  b;  suppoaing  ill 
the  deposits  of  that  era  hitherto  examined  to  have  been  formed  in 
seas  far  from  land  or  beyond  the  influence  of  rivers,  ^re  ind 
there  indeed  a  shallow-water,  or  even  a  littoral  deposit  may  ban 
been  met  with,  as  in  North  Wales,  for  example,  and  North  America ; 
but,  speaking  generally,  the  Silurian  depodls,  as  at  present  known, 
have  cert^nl;  a  more  pelagic  charactn  than  an;  other  equally  im- 
portant fbnnationg. 

It  is  a  curious  fad^  and  not  perhaps  a  mere  fortuitous  coinddenc^ 
that  the  onl;  stratum  which  has  ;ielded  the  remuns  of  lind- 
plants  IS  also  the  onl;  one  which  has  afforded  the  bones  of  Sih. 
Bone-beds  in  general,  such  as  that  of  the  Lias  near  Bristol,  ^loae  of 
the  Trias  near  Stuttgardt,  of  the  Carboniferous  Limestone  near 
Bristol  and  Armagh,  and  lastly  that  of  the  "  Upper  Ludlow,"  sra 
remarkable  for  containing  teeth  and  bones,  much  rolled  and  im- 
plying transportation  from  a  distance.  The  association  of  the  spons 
of  Lycopodiacen  (see  p.  436.)  with  the  Ludlow  fish-bones  shows  that 
plants  bad  been  washed  from  some  dry  land,  then  exiating,  and  bid 
been  drifted  into  a  common  submarine  receptacle  with  theboDCs. 
More  nsually,  however,  the  "Upper  Ludlow,"  like  the  "Lotrer 
Silurian,"  is  devoid  of  plants  and  equally  destitute  of  ichtbyolites. 

It  has  been  suggested  that  Cephalopoda  were  so  abundant  in  the 
Silurian  period  that  tbey  may  have  discharged  tho  functions  of  6th; 
to  which  we  may  reply  that  both  classes  coexisted  in  the  Upper  Silu- 
rian period,  and  both  of  them  swarmed  together  in  the  CartMufenoi 
and  Liaasic  seas,  as  the;  do  now  in  certain  parts  of  the  ocewi.  ^b 
may  also  suggest  that  we  are  too  imperfectl;  acquainted  with  the 
distribution  of  scattered  bones  and  teeth  or  the  skektona  of  dnd 
fish  on  the  floor  of  the  existing  ocean,  to  have  a  right  to  tiMsri^ 
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with  confidence  on  the  absence  of  such  relica  over  wide  spaccH  at 
former  eras. 

Thej  who  in  our  own  times  have  explored  the  bed  of  the  sea  inform 
us  tiM  it  is  in  general  as  barren  of  rertebrate  remuns  M  the  soil  of 
a  forest  on  which  thousands  of  mammalia  and  reptiles  may  have 
flourished  for  centuries.  In  the  summer  of  1850,  Frof.  K  Forbes 
and  Mr.  McAndrew  dredged  the  bed  of  the  British  seas  from  the  Isle 
of  Fortland  to  the  Land's  End  in  Corawnll,  and  thence  again  to  Shet- 
land, recording  and  tabulating  the  numbers  of  the  various  organic 
bodies  brought  up  by  them  in  the  course  of  140  distinct  dredgings, 
made  at  different  distances  from  the  shore,  some  a  quarter  of  a  mile^ 
others  forty  miles  distant,  "nie  list  of  species  of  nuuine  invertebrate 
animals,  whether  Radiata,  MoUusca,  or  Articulata,  was  very  great, 
and  the  number  of  individuals  enormous ;  but  the  only  instances  of 
rertflbrate  animals  consisted  of  a  fov  ear-bones  and  two  or  three 
rertebne  of  flsh,  in  all  not  above  six  relics. 

It  is  still  more  extraordinary  that  Mr.  McJLttdrew  should  have 
dredged  the  great  "Ling  Banks"  or  cod-fishery  grounds  off  the 
Shetland  Isliuds  for  shells  without  obtaining  the  bones  or  teeth  of 
any  dead  fish,  although  he  sometimes  drew  up  lire  flsh  from  the 
mod.  This  is  the  more  singular,  because  there  are  some  areas  where 
recent  ish-bones  occur  in  the  same  northem  seaa  in  profusion,  as  I 
have  shown  in  the  "  Frindples  of  Geology  "  (see  Index,  "  Vidal ") ; 
two  bone-beds  having  been  discovered  by  British  hydrographers,  one 
in  the  Irish  sea,  and  the  other  in  the  sea  near  the  Faroe  Isles,  the  first 
of  them  two,  and  the  other  three  and  a  half  miles  io  length,  where 
the  lead  brings  up  everywhere  the  vertebra  of  fish  from  rarioua 
depths  between  45  to  285  fothoms.  These  may  be  compared  to  the 
Upper  Ludlow  bone-bed ;  and  on  the  floor  of  the  ocean  of  our  timee^ 
as  on  that  of  the  Silurian  epoch,  there  are  other  wide  spaces  where 
no  bones  are  imbedded  in  mud  or  sand. 

It  may  be  troe,  though  it  sounds  somewhat  like  a  paradox,  that 
fish  leave  behind  them  no  memorials  of  their  presence  in  places 
where  they  swarm  and  multiply  freely  ;  whereas  currents  may  drift 
their  bones  in  great  numbers  to  regions  wholly  destitute  of  living 
fish.  Snch  a  state  of  things  would  be  quite  analogous  to  what 
takes  place  on  the  habitable  land,  where,  instead  of  the  surface 
becoming  encumbered  with  heaps  of  skeletons  of  quadmpedi, 
birds,  and  land-reptiles,  all  solid  bony  substances  are  removed  after 
death  by  chemical  processes,  or  by  the  digestive  powers  of  pre- 
daoeoua  beasts  ;  so  that,  if  at  some  future  period  a  geologist  should 
seek  for  monuments  of  the  former  existence  of  snch  creatures,  he 
mnst  look  anywhere  rather  than  is  the  area  where  Qtey  flourished. 
He  must  search  for  them  in  spots  which  were  covered  at  the  time 
with  water,  -and  to  which  some  bones  or  carcases  may  have  been 
occanonally  carried  by  floods  and  permanentiy  buried  in  sediment. 

In  the  annexed  Table,  a  few  dates  are  set  before  the  reader  of  tiie 
discovery  of  different  classes  of  animals  in  ancient  rocks,  to  enable 
bim  to  perceive  at  a  glance  bow  gmdnal  has  been  oar  progress  in 
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tracing  b&ck  the  sigiu  of  TertebntA  to  fonnatuna  of  high  antiqiutj. 
Such  &ct8  mA7  be  nseM  in  irarniiig  as  not  to  asiiume  too  iaaHj 
that  the  point  which  our  Ktroapect  nuf  haT«  reachecl  al  the  preaent 
moment  can  be  regarded  as  fixing  the  date  of  the  first  introdndioii 
of  an7  one  class  of  beings  upon  the  earth. 


Dale*  of  the  Discovery  of  different  Clatte»  of  Foail  Vert 
showing  the  ffradual  Progress  made  in  tracing  them  to  Boeki  of 
higher  Antiquity. 

Tmr.  ForBaUiiu.  Gcsfriphlcil  LbOMk 

riT9e.     Middls  Eocene  (or  B.  i.  p.  SS3.).    Pari*    (G/iKam   of 


1818.    Lowei  Oolit*.  8toM«a«M.' 

18*7.     Upper  Tri«.  SmUgMdi.' 

1788.    UiddU  Eocene  (oi  B.  L  p.  ass.).    Puis    (ajpniii  of 

Hontnuutn).' 
IS3B.    Lower  Eooeae.  London    (Skt^ipej 

Claj).* 
1710.    Penaiu  (of  Zedutata).  Tbui^iai* 

1844.    Cvboniferoiu.  Su((»^k,n«uTr»l«.' 

18&a.    Upper  DeTonuu.  Elgin.' 

IT09.    Fenmui  (or  Knpf^r-Bchiefer).         Tharingi&.* 
1793.    Dubonifarou  (MoonUin  IJme-      OIa^ow." 

1828.    Denintan.  CaithniM." 

1840.    Upper  Silorian.  Lodlow." 

'  Cnrier  (0«orsa).  Bulletin  Soc  Philom.  z 
the  gypstun  some  voars  before  ;  but  thej  we 
their  tnie  gMlagicel  poiition  wu  usigned  to  them  id  uub  memoir. 

*  la  ISI8,  CuTis,  TuiliDK  tbe  HaMnm  of  Oxford,  decided  on  the  phwuBm 
character  of  a  jaw  from  Stoneifield.     See  alao  abOTe,  p.  319. 

*  Plieninger,  Prof     Sae  above,  p.  343. 

*  M.  DanM  dfacorered,  asd  Idmanon  flgored,  ai  a  fbaiil  hiid,  tone  remibn 
Stom  MoatBurtra,  afterwaida  leoogniied  aa  anch  bj  CuTier  (Ommeni  Fosa,  Art 
"Oweanx"). 

*  Owen,  Prof.,  Geo!.  Trana.  2od  Ser,  toL  vi.  p.  303^  1839.  The  foawl  lurd  ^ 
coTered  in  the  ume  jear  in  the  Elates  of  Qkrii  in  the  Alpi,  and  at  Brst  Rftnvd 
to  the  chalk,  ii  now  ■wjposed  to  beloog  to  the  Knmmnliiic  bedh  and  nu^  ih(R- 
bre  be  of  newer  date  thaojhe  Sbepp^  CUj. 


fore  be  of  newer  date  than  the  bbepfwr  CUj. 

*  The  fouil  monitor  of  Thunngia  (H-oConuawiif  fi/xwri,  Y.  Uejer)  wwGgmtd 
fcj  Spener,  of  Beriin,  in  ISia  (1£hm1.  BerUn.) 

'  See  aboTCh  p.  401. 
'  See  above,  p  41fl. 

*  Memorsbiliit  Saxonin  Subterr.,  Leipeic,  1709. 

"•  History  of  Bntherglen,  bj  Bev.  David  Ure,  1793. 

"  Sedgwick  and  Marchiion,  GeoL  Trana,  2nd  Sai.  n>L  iiL  p.  141.,  ISM. 

"  Sir  R.  UarGhuon.    Se«  aJraTe,  pl  435. 

ted  in 

How  muiy  living  writers  are  there  who,  before  the  j«ar  18H 
generalised  fearieesl^  on  the  nmi-exialeace  vi  reptiles  before  Hu 
Permian  era  I  Tet,  in  the  course  of  ten  years,  they  hare  lived  to  see 
the  earliest  known  date  of  the  creation  of  reptiles  oarried  back  soc- 
ceasiveljr,  first  to  the  Carboniferous,  and  then  to  the  Upper  Devonian 
periods.  Before  the  year  1818,  it  was  the  popular  belief  that  ^ 
Pabeotherium  of  the  Paris  gypsum  and  its  associates  were  the  first 
wann-blooded  quadrupeds  that  ever  trod  the  surface  of  this  pIsueL 
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So  fixed  vu  this  He^  in  Hie  nindB  df  tlifl  m^okity  of  natnraliBti, 
that,  when  «t  length  Um  Stonesfleld  Mwmtalw  Kw<Ae  from  k  dumber 
of  three  or  four  great  periods^  the  sppvitiOB  Baled  to  make  them 


Vint,  the  anliqai^  ^  the  rook  wu  called  in  qnestioii  {  and  then 
the  mammalian  character  of  the  relics.  Even  long  after  all  contro- 
versy was  set  at  reet  on  these  points,  the  real  import  of  the  new 
rerelaficni,  as  bearing  on  the  doctrine  of  iw^resaiTe  developmeot, 
was  &r  fn»a  being  duly  i^preciated. 

It  is  dear  that  the  first  two  or  three  apeciea,  eBCOunt«red  in  any 
eoantry  or  ia  the  rocks  of  any  epoch,  cannot  be  taken  as  a  tfpe  or 
standard  for  measuring  &6  grade  of  organization  of  any  terreitri^ 
fann^  ancient  or  modem.  Snj^Mtse  that  the  two  or  three  oolitic 
species  first  brtwght  to  light  had  really  been  all  marsnpial,  as  was  for 
a  time  erroneoosly  imagined,  ^s  would  not  have  borne  out  the 
inference  which  MMne  attempted  to  deduce  from  it,  namely,  that  the 
time  had  not  yet  come  for  the  creation  of  the  placental  tribes.  Or, 
if  when  some  monodeI|)h  were  at  last  actaally  recognised  (at  Stones- 
field),  they  happened  to  be  of  diminutive  sise,  and  to  bdoi^  to  the 
issectiTora,  we  are  not  entitled  to  deduce  fVom  snch  data  tiiat  the 
oolitic  fanna  ranked  low  in  the  general  scale,  as  the  insectivora  m^ 
do  in  an  existii^  fauna.  He  real  Bigniflconce  of  the  diacoveriee 
alluded  to  arises  from  the  aid  they  afford  us  in  estimating  the  true 
▼alne  of  negative  evidence,  when  brought  to  bear  on  certain  specu- 
lative questions.  Kvory  zoologist  will  admit  tbat  between  the  first 
creation  and  the  final  extinction  of  any  one  of  tlw  five*  oolitic 
manmalia  bow  known  there  were  many  snoeessive  generations ;  and, 
if  the  geographical  range  of  each  apeciee  was  limited  (which  we 
have  BO  right  to  assume  J,  still  there  must  have  been  several  hun- 
dred individuals  in  each  geDeration,  and  [vc^bly,  when  the  spedea 
reached  its  maximum,  several  tiioosands.  When,  therefore,  we  en- 
connter  far  the  first  time  in  1854  two  or  three  jaws  of  a  Spaiacothe- 
rium  in  the  Furbeck  limestone,  after  conntless  specimens  of  MoUusca 
and  Crustacea,  and  hvmdreds  of  iaseota,  fish,  and  reptiles  had  been 
previoosly  ctdlected  from  the  same  bed^  we  are  not  simply  taught  that 
these  individual  qnadmpeds  flourished  at  tlie  era  in  qnestion,  but  that 
tboDsands,  perhi^iB  hnndiedsof  thoaaands,  of  the  same  species  peopled 
tbe  land  without  leaving  bdiind  them  any  trace  of  their  existence^ 
wbellker  in  the  shape  of  fesail  bones  or  footprints ;  or,  if  they  left 
May  traces,  these  have  eluded  a  long  and  moat  persevering  search. 

HtHeover,  we  mast  never  forget  how  many  ef  the  dates  given  in  the 


•  I  had  wiiKen  /our,  bat  while  this  _,  

tbeet  WM  passing   through  tha   pren  twice  the  liie  of  any  of  the  if ,._ 

<S«ptSS,18M)thediKOvei7i>f*noi}ier  *i<nis)7  obtained  from  the  Nine  fbnna- 
niecies  of  intectiTaToiu  maitmud  from  tion.  Wsbavenoir,  therefore,  indndittc 
SloDeifield  ma  sonoimce'l  to  the  Britiih  the  neentlj  fbond  Spalacmberiaiii  of 
AaMciauoa  at  liverpool  t^  Mr.  Cbailcs-  FsrlMck  (we  p.  396.),  Ats  Britich  main- 
worth,  who  haa  giVGii  to  it  the  name  of  malia  from  the  oolite 
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above  teble  (p.  460.),  are  dae  to  Britigh  skill  and  enei^,  GreatBritain 
being  still  the  onl;  conntrj  in  vhich  maimnaHa  have  been  found  in 
Oolitic  rocks;  the  only  region  where  anj  reptiles  have  been  detected 
in  strata  as  old  aa  the  Devonian  ;  the  only  one  wherein  the  bones  of 
birds  have  been  traced  back  as  far  as  the  London  Clay.  And,  if 
geology  had  been  cultivated  with  less  zeal  in  onr  island,  we  shoald 
know  nothing  as  yet  of  two  extensive  assemblages  of  tertiary  mam- 
malia of  higher  antiquity  than  the  faona  of  Hie  Paris  Gjpsain 
(already  cited  as  having  once  laid  claim  to  be  the  earliest  that  ev^ 
floarished  on  the  earth) — namely,  first,  that  of  the  Headon  series 
(see  above,  p.  213.) ;  and,  secondly,  one  long  prior  to  it  in  date,  ind 
antecedent  to  the  London  Clay.*  This  last  has  already  aSbrded  us 
indications  of  Qnadrumana,  Cheiroptera,  Pachydermata,  and  Hsr- 
snpialia  (see  p.  218.).  How  then  can  we  donbt,  if  every  area  on  the 
globe  were  to  be  studied  with  the  same  diligence, — if  all  Eorope, 
Aflia,  Africa,  America,  and  Australia  were  equally  well  known,  tlut 
every  date  assigned  by  us  in  the  above  Table  for  the  earliest  t»- 
corded  appearance  of  fish,  reptile^  birds,  and  "'wnTiHli'  wodM  luTe 
to  be  altered  ?  Nay,  if  one  other  area,  such  as  part  of  Spun,  of  the 
siee  of  England  and  Scotland,  were  subjected  to  the  same  scmtiD^ 
(and  we  are  still  very  imperfectly  acqnainted  even  with  Great 
Britain),  each  class  of  Vertebrata  would  probably  recede  Mie  or 
more  steps  farther  back  into  the  abyss  of  time ;  fish  might  penetrate 
into  the  Lower  Silurian, — reptiles  into  the  Lower  Devonian,— 
mammalia  into  the  Lower  Trias, — birds  into  the  Chalk  or  Oolite,— 
and,  if  we  turn  to  the  Livertobrata,  Trilobites  and  Cephalopods 
m^ht  descend  into  the  Lower  Cambrian, — and  some  stray  loophjl^ 
like  the  Oldhamia,  into  rocks  now  styled  "  azoic" 

Yet,  after  these  and  many  more  analogous  revisions  of  the  Table, 
it  might  still  be  just  as  easy  as  now  to  found  a  theory  of  progressitt 
development  on  the  new  set  of  positive  and  negative  facts  thxu 
established ;  for  the  order  of  chronological  succession  in  the  different 
classes  of  fossil  animals  would  probably  continue  the  same  as  now;— 
in  other  words,  onr  success  in  tracing  back  the  remuns  of  each  dan 
to  remote  eras  would  be  greatest  in  fishes,  next  in  reptiles,  next  in 
mammalia,  and  least  in  birds.  That  we  should  meet  with  iehthy- 
olites  more  universally  at  each  era,  and  at  greater  depths  in  the 
series,  than  any  other  class  of  fossil  vertebrata,  would  follow  partlj 
from  our  having  as  paleontologists  to  do  chiefly  with  strata  of 
marine  origin,  and  partly,  because  bones  of  fish,  however  partial  ind 
capricious  their  distribution  on  the  bed  of  the  sea,  are  nevertheleH 
more  easily  met  with  than  those  of  reptiles  or  mammalia.  Li  likt 
manner,  the  extreme  rari^  of  birds  in  recent  and  Miocene  strati, 
even  in  those  of  freshwater  origin,  might  lead  us  to  anticipate  thil 
their  remains  would  be  obtiuned  with  the  greatest  difficult  in  the 
older  rocks,  as  the  Table  proves  to  be  the  case, — even  in  lertUrf 
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strata,  wherein  we  can  more  readUj  And  deposits  fonned  in  I&kee 
and  estaaries. 

The  onl;  incongruity  between  the  geological  results,  and  those 
which  OUT  dredging*  experiences  might  have  led  us  to  anticipate 
i  priori,  consists  in  the  frequency  of  fossil  reptiles,  and  the  com- 
parative scarcity  of  mammalia.  It  would  appear  that  daring  all  the 
secondary  periods,  not  CTen  excepting  the  newest  part  of  the  ere* 
taceoua,  there  was  a  greater  development  of  repdle  life  than  is  now 
witnessed  in  any  part  of  the  globe.  The  preponderance  of  this 
class  over  the  mammalia  depended  probably  on  climatal  and  geo- 
gr^thical  conditions,  for  we  can  scarcely  refer  it  to  "  progressive 
development,"  by  which  the  vertebrate  type  was  steadily  improving, 
or  becoming  more  perfect,  as  Time  rolled  on.  We  cannot  shut  our 
eyes  to  the  positive  proofs  now  obtained  of  the  creation  of  mammalia 
before  the  excess  of  reptiles  hod  ceased, — nay,  apparently  before  it 
had  even  reached  its  maximum. 

In  concInsioD,  I  shall  simply  express  my  own  conviction  that  we 
are  still  on  the  mere  threshold  of  our  inquiries  ;  and  that,  as  in  the 
last  fifty  years,  so  in  the  next  half-centnry,  we  shall  be  called  upon 
repeatedly  to  modify  our  first  opinions  respecting  the  range  in  time 
of  the  various  classes  of  fossil  Vertebrata,  It  would  therefore  be 
premature  to  generalize  at  present  on  the  non-existence,  or  even  on 
the  scarcity  of  Vertebrata,  whether  terrestrial  or  aquatic,  at  periods 
of  high  antiquity,  such  as  the  Silurian  and  Cambrian.* 

*  For  (AserrMioiu  on  the  raii^  of  air-breatben  hi  the  coal,  see  ahove,  p.  4as. 
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Tn]>  Tockf— Name,  whence  derived — Ilieii  igneont  origin  tt  flnt  donbted— 
^eit  general  ^)peu«Tice  uiil  durHctcr — Yolcmnic  conei  and  cmai,  )ww 
formed — Mineral  compotition  and  lextnre  of  volcaiiie  rcK^ — TariedM  of 
ftlqnr  — Hornblende  and  aogite — laomoiptutm  —  Bocki,  bow  to  be  «ndied— 
Banlt,  Irachirte,  gieennone,  porpbyrj,  acori*,  ■mTgdaloid,  Uvm,  toff— .Ajgfe- 
merale — Lateiite— Alphabetical  lim,  and  ezplanalion  of  nimea  and  ijnonjmi,  d 
volcuiic  rocki — Table  of  the  analjaea  of  minenUi  moat  abondBSI  in  ibcTOi- 
canic  and  hjpogaDS  rooka. 

The  aqueoiiB  or  foseiliferoiia  tocIh  htiTing  now  been  deccribed,  •« 
luve  next  to  exMoine  those  which  maj  be  cnlled  volcanic,  in  tlK 
moat  extended  sense  of  that  term.     Suppose  a  a  in  the  snneted 


diagram,  to  lepreeent  the  ciTStalline  formatianB,  sach  as  the  gnnitic 
and  metamorphic ;  b  b  the  foseiliferons  strata ;  and  c  e  the  volctnte 
rocks.  These  last  are  sometimes  found,  as  was  explained  in  the  fint 
chapter,  breaking  through  a  and  h,  sometimes  overljing  both,  sod 
oocaeionallj  alternating  with  the  strata  b  b.  Hie;  also  are  seen,  in 
some  instances,  to  pass  inaensibl;  into  the  onstratified  diTision  at  a, 
or  the  Plutonic  rocks. 

When  geologists  first  began  to  examine  attentirelj  the  stroetoR 
of  the  northern  and  western  parte  of  Europe,  the^  were  almost  «9- 
tirel^  ignorant  of  the  phenomeiia  of  existing  volcanos.  Tbej  fonitd 
certain  rocks,  for  Uie  most  part  without  sbadficatitm,  and  of  t 
peculiar  mineral  composition,  to  which  thej  gave  diff^ent  name^ 
such  as  basalt,  greenstone,  porphyry,  and  smjgdaloid.  All  theM 
which  were  recognized  asbelonging  to  one  family,  were  called  "ti^* 
bj  Beigmann,  from  trappa,  Swedish  for  a  flight  of  stepa — a  name 
since  adopted  rerj  generallj'  into  tlte  nomenelatore  of  the  taeKX ; 
for  it  was  obserred  that  many  rocks  of  this  class  occurred  in  gnat 
tabular  masses  of  unequal  exteu^  so  as  to  form  a  snccessoD  of  ter- 
races or  steps  on  the  sides  of  hills.  This  configuration  ^pean  io 
be  derived  from  two  causes.  Fira^  the  abrupt  original  tarmiDSlams 
of  sheets  of  melted  matter,  which  have  spread,  whether  on  tbe  Isnd 
or  bottom  of  the  sea,  over  a  level  sur&ce.  For  we  know,  is  the 
case  <tf  lava  flowing  from  a  volcano,  that  a  stream,  when  it  has 
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oeaaed  to  floir,  and  grown  solid,  Terj  commonly  ends  in  a  Itoep  slope, 
u  At  a,  fig.  62(X  But,  secondly,  the  step'lilce  appearance  arises 
more  frequently  from  the  mode  in  which 
horizontal  masses  of  igneous  rock,  such 
as  &  c,  intercalated  between  aqueous 
strata,  or  showers  of  volcanic  dast  and 
ashes,  have,  subsequently  to  their  origin, 
been  exposed,  at  different  heights,  by 
denudation.  Such  an  outline,  it  is  trae, 
is  not  peculiar  to  trap  rocks ;  great  beds 
ftip.ukt>vvc«»sttnp.  (,f  liinegtone,  and  other  hard  kinds  of 
stone,  often  presenting  similar  terraces  and  precipices:  but  these 
are  usually  on  a  sm^ler  scale,  or  less  nnmerous,  than  the  rolcanic 
Hepi,  or  form  leas  decided  features  in  the  landscape,  as  being  kss 
distinct  in  structure  and  composition  from  the  associated  rocks. 

Although  die  characters  of  trap  rocks  are  greatly  diversified,  the 
beginner  will  easily  learn  to  diBtingniah  them  as  a  class  from  the 
aqueous  formations.  Sometimes  they  present  themselves,  as  already 
■Uted,  in  tabular  masses,  which  are  not  divided  hj  horizontal  planes 
of  etratificatioa  in  the  manner  of  sedimentary  deposits.  Sometimes 
they  form  chains  of  hjlla  often  conical  in  jhape.  Not  nnfrequently 
they  are  seen  as  "dikes"  or  wall-like  masses,  intersecting  fossili- 
ferons  beds.  The  rock  is  occasionally  columnar,  the  colnmna  some- 
times decomposing  into  balls  of  various  sizes,  from  a  few  inches  to 
several  feet  in  diameter.  The  decomposing  surface  very  commonly 
aranmea  a  coating  of  a  rusty  iron  colour,  from  the  oxidation  of  ferru- 
ginous matter,  so  abundant  in  &e  traps  in  which  angite  or  hium- 
bleade  occur;  or,  in  the  felspathio  varieties  of  trap,  it  acquires  a 
white  (qiaqne  coating,  from  the  bleaching  of  the  mineral  c^led  fel; 
spar.  On  examining  any  of  these  volcanic  rocks,  where  they  have 
not  suffered  disintegration,  we  rarely  fail  to  detect  a  crystaUi&e 
arrangement  in  one  or  more  of  the  component  minerals.  Sometimes 
the  texture  of  the  mass  is  cellular  or  porous,  or  we  perceive  that  it 
has  once  been  full  of  pores  and  cells,  which  have  afterwards  become 
filled  with  carbonate  of  lime,  or  other  infiltrated  mineral. 

Uost  of  the  volcanic  rocks  produce  a  fertile  soil  by  their  disinte- 
gration. It  seems  that  their  component  ingredients,  silica,  alumina, 
lime,  potash,  iron,  and  the  rest,  are  in  proportions  well  fitted  for 
the  growth  of  vegetation.  As  they  do  not  effervesce  with  acids,  a 
deficiency  of  calcareous  matter  might  at  first  be  suspected;  but 
although  the  carbonale  of  lime  is  rare,  except  in  the  nodules  of 
amygdsloids,  yet  it  will  be  seen  that  lime  sometimes  enters  largely 
into  tbe  composition  of  augite  and  hornblende.  (See  Table,  p.  479.) 
Conet  cutd  Cratert.^hi  r^ons  where  the  eruption  of  volcanic 
matter  has  taken  place  in  the  open  air,  and  where  the  suriace  has 
eever  since  been  subjected  to  great  aqueous  denudation,  cones  and 
craters  constitute  the  most  striking  peculiarity  of  this  class  of  form- 
atioDs,  Many  btmdreds  of  tiiese  oones  are  seen  in  central  France, 
in  the  ancient  provinces  of  Auvergne,  Velay,  and  Vivarais,  where 
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thej  obeervfi,  for  the  moat  part,  &  Unew  amnffemen^  ud  fatm 
chaiDB  of  Mils.  Although  nooe  of  the  ernplaoiui  b»ve  hippeoed 
witbiD  the  historical  era,  the  atreama  of  lava  may  still  be  braced  dii- 
tinctlf  descending  from  manj  of  the  craters,  and  following  the  bwa( 
levels  of  the  existing  vaUeys.    Tlie  origin  of  the  cone  and  atitr- 


shaped  hill  is  irell  nnderBtood,  the  growth  of  many  baring  fceei 
watched  during  Tolcanic  eraptjons.  A  chasm  or  fissure  first  opou 
in  the  earth,  from  which  great  Tolomes  of  steam  and  other  gases  in 
erotved.  The  explosions  are  so  violent  aa  to  hnrl  np  into  the  vr 
fr^ments  of  broken  stone,  parts  of  which  are  shirered  into  nuntin 
atoms.  At  the  same  time  melted  stone  or  lava  usually  ascends  throngb 
the  chimney  or  vent  bywhich  the  gases  make  their  escape.  Altbon^ 
extremely  heavy,  this  lava  is  forced  ap  by  the  expansive  power  of 
entangled  gaseous  fluids,  chiefiy  steam  or  aqueous  vapour,  exactly  ii 
the  same  manner  as  water  is  made  to  boil  over  the  edge  of  a  veeeel 
when  steam  has  been  generated  at  the  bottom  by  heat  Lsfgt 
quantities  of  the  lava  are  also  shot  np  into  the  air,  where  it  sepantM 
into  fragments,  and  acquires  a  spongy  texture  by  the  sudden  enlti^ 
ment  of  the  included  gases,  and  thus  forms  tcoria,  other  portioos 
being  reduced  to  an  impalpable  powder  or  dust.  The  showeiing 
down  of  the  various  ejected  materials  round  the  orifice  of  eraptioit 
gives  rise  to  a  conical  mound,  in  which  the  successive  envelopes  of 
sand  and  scoriEe  form  layers,  dipping  on  all  sides  frcan  a  central  asia 
In  the  mean  time  a  hollow,  called  a  crater,  has  been  kept  open  in 
the  middle  of  the  mound  by  the  continued  passage  upwards  of  steaa 
and  other  gaseous  fluids.  The  lava  sometimes  flows  over  the  edge  of 
the  crater,  and  thus  thickens  and  strengthens  the  sides  of  the  cone; 
but  sometimes  it  breaks  down  the  cone  on  one  side  (see  fig.  fiSl.) 
and  often  it  flows  out  from  a  fissure  at  the  base  of  the  hilj,  or  si 
some  distance  from  its  base.* 

Compotitum  and  ttomenelatare. — Before  speaking  of  the  eonnectioB 
between  the  productsof  modem  volcanos  and  the  rocks  usually  st^ 
trappean,  and  before  describing  the  external  forms  of  both,  and  the 
manner  and  position  in  which  they  occur  in  the  earth's  crus^  it  will 
be  desirable  to  treat  of  their  mineral  composition  and  names.  The 
varieties  most  frequently  spoken  of  are  basalt  and  trachyte,  to  wtddi 
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dalerite,  greenstone,  clinkitotie,  and  otben  might  be  added;  while 
thoee  finuided  chiefly  on  pecnliaritiea  of  texture,  ue  por^jiy, 
■mjgdabnd,  Imr^  rolcanic  lM<ecciA  or  agglomemte,  tn^  scoria,  and 
pnmice.  It  ma;  be  stated  generally,  that  all  these  are  mainly  com- 
posed of  two  minerals,  or  &miliM  of  simple  minerals,  feltpar  and 
komblendt;  but  the  felspar  preponderates  greatly  even  in  those 
rocks  to  which  the  honibtendic  minu^  imparts  its  distiBCtive  cha- 
racter  and  prevailing  colour. 

The  two  minerab  allnded  to  may  be  regarded  as  two  gronps,  rather 
than  species.  Felspar,  for  example,  may  be,  flrtt,  common  felspar 
(often  called  Orthoclase),  that  is  to  say,  potash -felspar,  in  which  the 
predominant  alkali  is  potash  (see  Table,  p.  479.) ;  or,  secondly,  albite, 
that  is  to  say,  soda-felspar,  where  the  predominant  alkali  ia  soda 
instead  of  potash ;  or,  thirdly,  Oligodase ;  or,  fourthly,  Labrador- 
felspar  (labradorile),  which  diSbrs  not  only  in  its  iridescent  hues, 
bat  also  in  its  angle  of  fractore  or  cleavage,  and  its  composition. 
We  also  read  mnch  of  two  other  kinds,  called  glassy  febpar  and 
compact  felspar,  which,  however,  cannot  rank  as  varietdee  of  equal 
importance,  for  both  the  albitic  and  common  felspar  appear  some- 
times in  transparent  or  p&uijr  crystals ;  and  as  to  compact  felspar,  it 
is  a  compound  of  a  less  definite  nature,  sometimee  containing  largely 
both  soda  and  potash  ;  and  which  might  be  called  a  felspathic  paste, 
being  the  rendnary  matter  after  portions  of  the  original  matrix  have 
crystaUiied-  The  more  recent 'analyses  have  shown  that  all  the 
varieties  or  species  of  felspar  may  contun  both  potash  and  soda, 
altboagh  in  some  of  them  the  one,  and  in  others  the  other  alkali 
greatly  prevails. 

The  hombiehdie  group  consists  principally  of  two  varieties ;  first, 
hornblende,  and,  secondly,  angile,  which  were  once  regarded  as 
very  distinct,  although  now  some  eminent  mineralogists  are  in  doubt 
whether  they  are  not  one  and  the  same  mineral,  differing  only  as  one 
crystalline  form  of  native  sulphur  differs  from  another. 

The  history  of  the  changes  of  opinion  on  this  point  is  curioos  and 
instmctive.  Werner  first  distinguished  augite  from  hornblende ;  and 
his  pr<q>osal  to  separate  them  obtuned  atWwards  the  sanction  of 
Haiiy,  Mobs,  and  other  celebrated  mineralogists.  It  was  agreed  that 
the  form  of  the  crystals  of  the  two  species  were  different^  and  their 
sbuctnre,  as  shown  by  eUavage,  that  is  to  say,  by  breakiog  or  cleaving 
the  mineral  with  a  chisel,  or  a  blow  of  the  hammer,  in  the  direction 
in  which  it  yields  most  readily.  It  was  also  found  by  analysis  that 
SDgite  Dsuatly  contained  more  lime,  less  alumina,  and  no  fluoric  acid ; 
wUch  last,  thongh  not  always  found  in  hornblende,  often  enters  into 
its  composition  in  minute  quantity.  In  addition  to  these  characters, 
it  was  remarked  as  a  geol<^cal  fact,  that  augite  and  hornblende  are 
very  rarely  associated  together  in  the  same  rock  ;  and  that  when  this 
happened,  as  in  sorue  lavas  of  modem  date,  the  hornblende  occurs  in 
the  mass  of  the  rock,  where  cryBtsUisation  may  have  taken  place  more 
slowly,  while  the  augite  merely  lines  cavities  where  the  crystals  may 
have  been  produced  rapidly.     It  was  also  remarked,  that  in  the 
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cr78tallin«  elftgs  of  fonucee,  wigidc  Ebnns  w«re  freqoeat,  the  born- 
blendic  endrelj  absent ;  bence  it  vu  coiyectared  tlurt  bombkoda 
might  be  the  reeult  of  akiw,  waA  ftogite  of  rapid  cooling.  Thia  Tifir 
wu  couflrued  by  the  fact,  that  Mitscherlich  and  Berthier  wen  ibk 
to  make  aagite  artiflcially,  bat  conld  never  Bucceed  in  fwmii^  horn- 
blende. Laatl;,  Gostama  Roee  fused  a  mass  of  bombleiidfl  in  i 
porcelain  furnace,  and  fonnd  that  it  did  not,  on  cooling,  hnuih 
its  pr6Tiau8  shape,  but  invariablj  took  that  of  aagite.  The  Mne 
mineral<^;iat  obmrred  certain  cTTstais  in  rocks  from  Siberia  which 
presented  a  bomUende  eleavage,  irhile  tbej  had  the  ezternal  km 
of  aagite. 

I^  from  these  data,  it  is  inferred  that  the  same  snbstanee  wxj 
assume  the  crystalline  forms  of  hornblende  or  angite  indiffemitij, 
according  to  the  more  or  iess  rapid  cooling  of  the  mrited  maa^  it  it 
neverthelesa  certain  that  the  variety  commonly  called  angite,  ud 
recognised  by  a  peculiar  crystalline  form,  baa  usually  more  lime  in  it, 
and  lees  alumina,  than  that  called  hornblende,  although  the  quotiliM 
of  these  elements  do  not  seem  to  be  always  the  same.  TJnquestioBshlj 
the  facts  and  experiments  above  mentioned  show  tbo  very  near 
affinity  of  bombloide  and  angite;  but  even  the  convertibility  of  one 
into  die  other,  by  melting  and  reorystalUatng,  does  not  perh^M  de- 
monstrate their  absolute  identity.  For  tbere  is  oftoi  some  poition 
of  the  materials  in  a  crystal  which  are  not  in  perfect  chemicsl  «m- 
bination  with  the  rest  Catbooate  of  lime,  for  example,  aometiiMi 
carries  with  it  R  conaiderable  quantity  of  silex  into  ita  own  fon 
of  crystal,  Uie  silex  being  mechanically  mixed  aa  sand,  and  yei  sot 
preventing  the  carbonate  of  lime  from  assamiog  the  form  pvpec  to 
iL  This  is  an  extreme  caae^  but  in  many  others  mma  oae  or  mora 
of  the  ingrediente  in  a  crystal  may  be  excluded  from  perfect  chemieil 
union;  and  after  fusion,  when  the  mass  recrystallizea,  the  nme 
elements  may  combine  perfectly  or  in  new  proportions,  and  thu  ■ 
new  mineral  may  be  produced.  Or  some  one  of  the  gaaeous  elementi 
of  the  atmosphere,  the  oxygen  for  example,  may,  when  the  melled 
mattCT  reconsolidates,  oombine  with  some  one  of  the  cfHapaunt 


The  different  quantity  of  the  impurities  or  refuse  above  aUnded  tt^ 
which  may  occur  in  all  but  the  most  traneparent  and  perfect  tfjstila, 
may  partly  explain  the  discordant  results  at  which  experienced 
chemists  have  arrivedintheiranalyaiaof  the  samemineraL  For  the 
reader  will  find  that  crystals  of  a  mineral  determined  to  be  the  stme 
by  physical  characters,  crystalline  form,  and  optical  properties  have 
often  been  declared  by  skUful  analyaera  to  be  composed  of  diatmet  ele. 
meats.  (See  the  table  at  p.  479.)  This  disagreement  seemed  at  iitt 
subversive  of  the  atomic  tiieory,  or  the  doctrine  that  tbere  is  a  fixed 
and  constant  relation  between  the  crystallise  form  and  stntctore  ot 
a  mineral  and  its  chemical  composition.  The  ^>parent  anomaly, 
however,  which  threatened  to  throw  the  whole  science  of  minerakfj 
into  confusion,  was  in  a  great  degree  reconciled  to  fixed  pnnci|^ 
by  the  diacoveries  of  Profeasor  Mitscherllch  at  Berlin,  who  aMertaiaed 
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thftt  the  compoiitioii  of  the  minenlB  which  had  appeBred  so  variable, 
wu  goTemed  by  a  geaeral  lav,  to  frhich  he  gave  the  name  of 
uomorpkitm  (&om  laot,  Uoi,  eqnal,  and  fiop^if,  morphe,  form).  Ac- 
cording to  this  lair,  the  ingredients  of  a  giveii  species  of  mineral  are 
Dot  sbaolntelj  fixed  aa  to  their  kind  and  quality ;  but  one  ingredient 
mtj  be  replaced  by  an  equivalent  portion  of  some  analogoas  iugre- 
dienl  Thns,  in  angite,  the  lime  may  be  in  part  replaced  \>y  portions 
of  protoxide  of  iron,  or  of  manganese,  while  the  form  of  the  crTstal, 
sod  the  angle  of  its  cleavage  planes,  remain  the  same.  These 
vicarious  subatitntions,  however,  of  particular  elements  cannot  exceed 
certain  defined  limits. 

I^roxene,  a  name  of  Hany's,  is  often  nsed  for  angite  in  descrip- 
tions of  volcanic  rocks.  It  is  properly,  according  to  M.  Delesae,  a 
general  name,  nnder  which  Angite,  DiaUage,  and  Hypertthene  may 
be  united,  for  these  three  are  varieties  of  one  and  the  same  mineral 
Bpeeiea,  having  the  same  chemical  formnla  with  variable  bases. 

AmphAoh  is  in  like  manner  a  general  term  ander  which  Horn- 
blende  and  Actinolite  may  be  united. 

Having  been  led  into  this  digression  on  some  recent  steps  made  in 
the  progress  of  mineralogy,  I  may  here  observe  that  the  geological 
■tudeiit  must  endeavour  as  soon  as  possible  to  familiariEe  himself 
with  the  characters  of  five  at  least  of  the  most  abundant  simple 
minerals  of  which  rocks  are  composed.  These  are  felspar,  quarts 
mica,  hornblende,  and  carbonate  of  lime.  This  knowledge  cannot 
be  acquired  from  books,  but  requires  personal  inspection,  and  the 
■id  of  a  teacher.  It  is  well  to  accustom  the  eye  to  know  the  appear- 
u)oe  of  rocks  nnder  the  lens.  To  learn  to  distinguish  felspar  from 
quartz  is  the  most  importent  step  to  be  first  aimed  aL  In  general 
we  may  know  the  felspar  because  it  con  be  scntohed  with  the  point 
of  a  knife,  whereas  the  quarts,  from  its  extreme  hardness,  receives 
no  impression.  But  when  these  two  minerals  occur  in  a  granular 
and  nncryatallized  state,  the  young  geologist  must  not  be  discouraged 
it,  after  considerable  practice,  he  often  fails  to  distinguish  them  by 
the  eye  alone.  If  the  felspar  is  in  crystals,  it  is  easily  recogniied  by 
its  cleavage ;  but  when  in  grains  the  blow-pipe  must  be  used,  for 
the  edges  of  the  grains  can  be  rounded  in  the  fiame,  whereas  those 
of  qtiartx  are  infusible.  If  the  geologist  is  desirous  of  detecting  the 
varieties  of  felspar  above  enumerated,  or  distinguishing  hornblende 
from  angite,  it  will  often  be  necessary  to  use  the  reflecting  gonio- 
meter as  a  test  of  the  angle  of  cleavage,  and  shape  of  the  crystal 
The  use  of  this  instrument  will  not  be  foand  difficult 

The  external  characters  and  composition  of  the  felspars  are  ex- 
tremely different  from  those  of  augito  or  hornblende ;  bo  that  the  vol- 
canic rocks  in  which  either  of  these  minerals  play  a  conspicuous  part 
are  easily  reci^nizable.  But  there  are  mixtures  of  the  two  elements 
in  very  dififarent  proportions,  the  mass  being  sometimes  exclusively 
compmed  of  felspar,  and  at  other  times  largely  of  augite.  Between 
the  two  extremes  there  ia  almost  every  intermediate  gradation ;  yet 
certain  compounds  prevail  so  extensively  in  nature,  and  preserve  so 
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much  nnifomutj  of  aspect  and  compoeition,  that  it  is  mefal  in 
geology  to  regard  them  as  diatiiict  rocks,  and  to  assign  Damea  to 
them,  such  as  basalt,  greenetone,  trachTte,  and  otLen  presmtly  to 
be  mentioned. 

Batalt. — As  an  example  of  rocks  in  which  augite  is  aconspicoona 
ingredient,  basalt  may  first  be  mentioned.  Although  we  are  moie 
familiar  with  this  term  than  with  that  of  any  otiier  kind  of  tnf,  it 
is  difficult  to  define  it,  the  name  hariag  been  used  so  oiyaipe- 
hensively,  and  sometimes  so  Taguely.  It  has  been  generally  i^iplied 
to  any  trap  rock  of  a  black,  bluish,  or  leaden-grey  colour,  haTiof  ■ 
uniform  and  compact  texture.  Host  strictly,  it  consistA  of  an  isti- 
mate  mixture  of  felspar,  augite,  and  iron,  to  which  a  mineral  of  an 
olive-green  colour,  called  olivine,  is  often  superadded,  in  distinct 
grains  or  nodular  masses.  The  iron  is  usually  magnetic,  and  is  often 
accompanied  by  another  metal,  titanium.  The  term  "  Dolerite"  ii 
now  much  used  for  this  rock,  when  the  felspar  is  of  the  variety  called 
Labradorite,  as  in  the  lavas  of  Etna.  Basalt,  according  to  I^.  Du- 
beny,  in  its  more  strict  sense,  is  composed  of  "  an  intimate  mimm 
of  augite  with  a  seolitic  mineral  which  appears  to  have  been  formed 
out  of  Labradorite  by  the  addition  of  water,  the  presence  of  wstsr 
being  in  all  xeoUtea  t^e  cause  of  that  bubbling  op  tinder  the  Uow- 
pipe,  to  which  they  owe  their  appellation.*  Of  late  years  the 
analyses  of  M.  Delesse  and  other  eminent  mineralogists  have  ghown 
that  the  opinion  once  entertained,  that  augite  was  the  prefsiling 
mineral  in  basalt,  or  even  in  the  most  augitic  trap  rocks,  most  be 
abandoned.  Although  its  presence  gives  to  these  rocks  their  dis- 
tinctive character  as  contrasted  with  trachytes,  still  the  principal 
element  in  their  composition  is  felspar. 

Augite  rock  has,  indeed,  .been  defined  by  Leonhard  as  being  nude 
up  principally  or  wholly  of  augite  f,  and  in  some  veinsKmes,  a^ 
Detesse,  snch  a  rock  may  be  found ;  but  the  greater  part  of  whit 
passes  by  the  name  of  augite  rook  is  more  rich  in  green  felipir 
than  in  augite.  AmphiboUie,  in  like  manner,  or  ffombkmdi  retk, 
ie  a  trap  of  the  basaltic  family,  in  which  there  is  much  hcHnbleods, 
and  in  which  this  mineral  has  been  supposed  to  predominate;  but 
Delesse  finds,  by  analysis,  that  the  felspar  may  be  in  excess,  ibe 
base  being  felspathic. 

In  some  varieties  of  basalt  the  quantity  of  olivine  is  very  gttati 
and  as  this  mineral  differs  but  slightly  in  its  chemical  ctnnpaaitka 
from  serpentine  (see  Table  of  Analyses,  p.  479.),  containing  even  ■ 
larger  proportion  of  magnesia  than  serpentine,  it  has  been  soggMtsd 
with  much  probability  that  in  the  course  of  ages  some  basalts  higbtj 
charged  with  olivine  may  be  turned,  by  metamorphic  action,  i«M 
serpentine. 

2VacAy/e.  —  This  name,  derived  from  rpa^w,  rough,  his  been 

given  to  the  felspathic  class  of  volcanic  rocks  which  have  a  eosfs^ 

cellular  paste,  rough  and  gritty  to  the  touch.      This  paste  bit 

commonly  been  supposed  to  consist  chiefly  of  albite,  but  accordms 

*  Volcsna^  id  ed.  p.  18. .  f  Mincralicicb,  Sd  ed.  p>  ^ 
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to  HL  Dalesse  it  is  Tuiable  in  compositiaii,  its  prevailing  alkali  being 
sodjk  Through  the  base  are  dtRseminated  cr^tals  of  glassy  felspar, 
Hiica,  and  sometimes  quartx  and  hornblende,  although  in  the  trachjte, 
properljT  so  caUed,  there  ii  no  quartz.  Tlie  varieties  of  felspar  which 
occar  in  trachjte  are  trisilicates,  or  those  in  which  the  silica  is  to 
tbe  alumina  in  the  proportion  of  three  atoms  to  one.* 

Troe^tfie  POTphyrj/,  according  to  Abicb,  has  the  ordinary  com- 
poution  of  trschTte,  with  qnarts  superadded,  and  without  any  aagite 
or  titaoiferoQs  iron.  Aitdeiite  is  a  name  given  by  GnstavuB  Boae  to 
a  trachyte  of  the  Andes,  which  contains  the  felspar  called  Andesin, 
togoHker  with  glassy  felspar  (orthoclnse)  and  hornblende  dissemi- 
nated through  a  dark-coloured  base. 

CUnJutone,  or  FhimolUe.  —  Among  tbe  felspathic  products  of  vol- 
canic action,  this  rock  is  remarkable  for  its  tendency  to  lamination, 
which  is  sometimee  such  that  it  affords  tilm  for  roofing.  It  rings 
when  struck  with  the  hammer,  whence  its  name;  is  compact,  and 
oBually  of  a  greyish  blue  or  brownish  colour ;  is  variable  in  compo- 
ntion,  but  almost  entirely  composed  of  felspar,  and  in  some  cases, 
according  to  Gmelin,  of  lelspar  and  mesotjpe.  When  it  contains 
diseeminated  crystals  of  felspar,  it  is  called  Clinkttane  porphyry. 

Greautoite  is  the  most  abundant  of  those  volcanic  rocks  which  are 
intermediate  in  their  composition  between  the  Basalts  and  Trachytes. 
Tha  name  has  usually  been  extended  to  all  granular  mixtures, 
whether  of  hornblende  and  felspar,  or  of  augite  and  felspar.  The 
term  dtorita  has  been  applied  exclusively  to  compounds  of  hornblende 
and  felspar.  According  to  the  analyses  of  Belesse  and  others,  the 
chief  cause  of  the  green  colour,  in  most  greenstones,  is  not  green 
hornblende  nor  augite,  but  a  green  siliceous  base,  very  variable  and 
indefinite  in  its  composition.  The  dark  colour,  however,  of  diorite  is 
QBually  derived  from  dieaeminated  plates  of  hornblende. 

The  Basalts  contain  a  smaller  quantity  of  silica  than  the  Trachytes, 
and  a  larger  proportion  of  lime  and  magnesia.  Hence,  independently 
of  the  &eqnent  presence  of  iron,  basalt  is  heavier.  Abich  baa  there- 
fore proposed  that  we  should  weigh  these  rocks,  in  order  to  appre- 
ciate their  composition  in  cases  where  it  is  impossible  to  separata 
their  component  minerals.  Thus,  the  variety  of  basalt  called  dolerite, 
which  contains  53  per  cent,  of  silica,  has  a  specific  gravity  of  2'86 ; 
whereas  trachjrte,  which  has  66  per  cent,  of  silica,  has  a  sp.  gr.  of 
only  2-6S ;  trachytic  porphyry,  containing  69  per  cent  of  silica,  a 
sp.  gr.  of  only  2'58.  If  we  then  take  a  rock  of  intermediate  c&mpo- 
sition,  auch  as  tliat  prevailing  in  the  Peak  of  Teneriffe,  which  Abtch 
calls  Trachyte-dolerite,  its  proportion  of  silica  being  intermediate, 
or  58  per  cant,  it  weighs  2'78,  or  more  than  trachyte^  and  less  than 
basaltf  The  basalts  are  generally  dark  in  colonr,  sometimes  almost 
black,  whereas  the  trachytes  are  grey,  and  even  occasionally  white. 
As  compared  with  the  granitic  rocks,  basalts  and  trachytes  contain 
both  of  tiiem  more  soda  in  their  composition,  the  potash-felspars 

•  Dr.  DwAenj  on  Volcsnoi,  2d  ed.  pp.  14,  IS.  t  DJiJ- 

aH4 

i,i,,,,,-..i^,Coo<^lc 


472  POKPHTBT  —  AMTODALOID.  [Ch.  XXVIII. 

being  generally  kbondant  in  the  granites.  1^  Tolcuic  roeki 
moreover,  whether  basaltic  or  trachytic,  contain  lesa  silica  tian  tba 
granites,  in  which  last  the  excess  of  silica  has  gone  to  form  qnuu 
This  mineral,  so  conspicuous  in  granite,  is  usuallj  wanting  in  the 
volcanic  formations,  and  never  predominates  in  them. 

The  fusibiLty  of  the  igneous  rocks  generally  exceeds  that  of  other 
rocks,  for  the  alkaline  matter  and  lime  which  commonly  abound  in 
their  composition  serve  as  a  flnx  to  the  large  quantity  of  silica,  which 
would  be  otherwise  so  refractory  an  ingredient. 

We  may  now  pus  to  the  consideration  of  those  igneons  rocki,  (be 
characters  of  which  are  founded  on  their  form  rather  than  thtir 
composition, 

Porphi/ry  is  one  of  this  class,  and  very  characteristic  of  the  rd- 
canic  formations.  When  distinct  crystals  of  one  or  more  minendi  ire 
scattered  through  an  earthy  or  compact  base,  the  rock  ii  tcrnwd 
a  porphyry  (see  fig.  622.),  Thus  trachyte  is  porpbyritic;  fbiitiiti 
as  in  many  modem  lavas,  there  are  crystab  of  felspar ;  but  in  nam 
porphyries  the  crystals  are  of  augite,  olivine,  or  other  minoilb 
If  the  base  be  greenstone,  basalt,  or  pitchstone,  the  rock  nuj  1x 
denominated  greenstone-porphyry,  pitchatone-porphyry,  and  N 
forth.  The  old  classical  type  of  this  form  of  rock  is  the  red  ptff- 
Fif.sa.  phyry  of  Egypt,  or  the  well  known 

"  RcMso  antico,"  It  consists,  accordii^ 
to  Delesse,  of  a  red  felapadtic  bue  in 
which  are  diaseminated  rose-OQloand 
crystals  of  the  ielspar  called  oligodm 
with  some  plates  of  blackish  hon- 
blende  and  grains  of  oxidized  iron-rat 
(fer  oligiste).  Sed  gMarlsiferota  por 
phyry  is  a  much  more  siliceooi  rock, 
containing  about  70  or  80  per  txal. 
of  silex,  whUe  that  of  Egypt  hss  coif 
roumjit.  62  per  cent 

'"'"'^i'K^ShwJ^d'fcb^*'™  Am^daioid. -— Tbia   is    also  mo- 

ther form  of  igneous  rock,  admittiDg 
of  every  variety  of  composition.  It  comprehends  any  rock  in  whidi 
round  or  almond-shaped  nodules  of  some  mineral,  such  as  sg^ 
calcedony,  calcareous  spar,  or  Eoolite,  are  scattered  throogh  a  base  of 
wack^  basalt,  greenstone,  or  other  kind  of  tr^  It  derives  its  dsik 
from  the  Greek  word  amygdala,  an  almond.  The  origin  cA  this 
structure  cannot  be  doubted,  for  we  may  trace  the  process  of  iti 
formation  in  modem  lavas.  Small  pores  or  cells  are  caused  b; 
bubbles  of  steam  and  gas  confined  in  the  melted  matter.  After  « 
during  consolidation,  these  empty  spaces  are  gradually  filled  np  t^ 
matter  separating  from  the  mass,  or  infiltered  by  water  permeating 
the  rock.  As  these  bubbles  have  been  sometimes  lengthened  by  ^ 
flow  of  the  lava  before  it  finally  cooled,  the  contents  of  such  csvitiet 
have  the  form  of  almonds.  In  some  of  the  amygdaloidal  traps  ot 
Scotland,  where  the  nodules  have  decomposed,  the  empty  cells  sn 
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seen  to  bare  &  glaced  or  ritreoqs  coating,  and  in  tliia  respect  exactly 
resemble  Bcoriaceotia  lavas,  or  Uw  slags  of  tumaces. 

^^^  The  annexed  figure  represents  a 

fragment  of  atone  taken  IVom  the 
upper  part  of  a  sheet  of  basaltic 
lava  in  Anvergne.  One  half  is 
scoriaceous,  the  pores  being  per- 
fectly empty;  the  other  part  is 
amjgdaloidal,  the  pores  or  cells 
being  mostly  filled  up  with  car- 
bonate  of  lime,  forming  white  ker- 
nels. 

Laea. — This  term  has  a  some- 

what  vague   sigoification,  havii^ 

been  applied  to  all  melted  matter 

observed  to  flow  in  streams  from 

*™'*™^'*'m°i51]^™"''*""""      volcanic  venta.    When  this  matter 

M Hill  lU  In  Til  111!  itiMii*""  lit  Fill     consolidates  in  the  open  air,  the 

d*  DMBf,  France.  upper  psrt  is  nsnalty  scoriaceous, 

and  the  mass  becomes  more  and  more  stony  as  we  descend,  or  in 
proportion  as  it  has  consolidated  more  slowly  and  under  greater 
preeanrcL  At  the  bottom,  however,  of  a  stream  of  lava,  a  small 
portion  of  scoriaceous  rock  very  frequently  occurs,  formed  by  the 
first  thin  sheet  of  liquid  matter,  which  often  precedes  the  main  cur- 
rent, or  in  consequence  of  the  contact  with  water  in  or  npon  the 
dampsoiL 

The  more  compact  lavas  are  often  porphyritic,  but  even  tJie 
scoriaceous  part  sometimes  contains  imperfect  crystals,  which  have 
been  derived  from  some  older  rocks,  in  which  the  crystals  pre- 
existed,  bat  were  not  melted,  as  being  more  infusible  in  their 

Although  melted  matter  rising  in  a  crater,  and  even  that  which 
enters  a  rent  on  the  side  of  a  crater,  is  called  lava,  yet  this  term 
belongs  more  properly  to  that  which  has  flowed  either  in  the  open 
air  or  on  the  bed  of  a  lake  or  sea.  If  the  same  fluid  has  not  reached 
the  surface,  but  has  been  merely  injected  into  fissures  below  ground, 
it  is  called  trap. 

There  is  every  variety  of  c<»nposition  in  lavas ;  some  ue  trachy- 
tic,  as  in  the  Peak  of  Teneriffe ;  a  great  number  are  basaltic,  as  in 
Yesuvios  and  Auvergne ;  others  are  Andesitic,  as  those  of  Chill ; 
some  of  the  most  modem  in  Vesuvius  consist  of  green  augite,  and 
many  of  those  of  Etna  of  augite  and  Labrador-felspar.* 

Scoria  and  Pumice  may  next  be  mentioned  ss  porous  rocks,  pro- 
duced by  the  action  of  gases  on  materials  melted  by  volcanic  heal; 
Scoria  are  usually  of  a  reddish-brown  and  black  colour,  and  are  the 
cinders  and  slags  of  basaltic  or  augitic  lavas.  Pumiee  is  a  light, 
spongy,   fibrous  substance,   produced  by  the  action  of  gases  on 

*  Q.  Bon,  Ash.  des  ICnes,  Won.  viU.  p.  31. 
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traehytic  ud  other  Utu  i  the  reUtifn,  liowever,  of  its  origu  to  tlM 
comporition  of  Isvft  is  not  7et  well  understood.  Ton  Buch  aaji  tlut 
it  never  occurs  where  onlj  Labrador-felspar  is  preeenb 

Volcanic  tttff,  Traptuff. — Small  aognlar  fevgrnents  of  the  kwus 
imd  pumice,  above-mentioned,  aud  the  dust  of  the  same,  produced  bj 
volcanic  explosiona,  form,  the  tufis  which  abound  in  all  regiona  of 
active  volcanoa,  whwa  showCTS  of  Uteae  materiala,  together  vitli 
nnall  pieces  of  other  rocks  gected  &om  the  crater,  fall  down  opca 
the  land  or  into  the  sea.  Here  they  often  become  mingled  with 
Bhells,  aud  are  stratified.  Such  tufis  are  sometimes  bound  together 
by  a  calcareous  cement,  and  form  a  stone  Busoeptible  <iS  a  beaotifnl 
polish.  But  even  when  little  or  no  lime  is  present,  there  is  a  gntl 
tendency  in  the  materials  of  ordinary  tufis  to  cohere  together.  Be- 
sides the  peculiarity  of  their  composition,  some  iafh,  or  voUiaiie  griu, 
aa  they  have  been  termed,  diSer  from  ordinary  sandstones  by  the 
angulu4ty  of  their  grains,  and  they  often  pass  into  vtHcanie  breeda. 

According  to  Mr.  Scrope,  the  Italian  geologists  confine  the  tern 
tv^  or  tuf^  to  felepathose  mixture^  and  those  composed  prindptl^ 
of  pumice,  using  the  term  peptrmo  for  the  basaltic  tu&*  Hw 
peperinos  thua  distinguished  aro  usually  brown,  and  the  iaSi  gnj  or 
white. 

We  meet  occasionally  with  extremely  compact  beds  of  toIcuuc 
materials,  interstratifled  with  fossiliferous  rpcks.  These  may  some- 
times be  tuffs,  although  their  density  or  compactness  is  sodi  u  to 
cause  them  to  resemble  many  of  those  kinds  of  trap  which  are  toojA 
in  ordinary  dikes.  The  chocolate-coloured  mud,  which  was  poond 
for  weeks  ont  of  the  crater  of  Graham's  Island,  in  the  Ueditenueiii, 
in  1831,  must,  when  unmixed  with  other  materials,  have  ctmstitaled 
a  etone  heavier  than  granite.  Each  cubic  inch  of  the  impalpable 
powder  which  has  fallen  for  days  through  the  atmosphere,  during 
some  modem  eruptions,  has  been  found  to  weigh,  without  beiiig 
compressed,  as  much  as  ordinary  trap  rocks,  and  to  be  often  idttitial 
with  these  in  mineral  composition. 

Palag<mile-tuff. — The  nature  of  volcanic  tufis  mnat  vary  according 
to  the  mineral  composition  of  the  ashes  and  cindere  thrown  out  of 
each  venl^  or  &om  the  same  vent,  at  difierent  timea.  In  descrip- 
tions of  Iceland,  we  read  of  Palagonite-tnfis  as  very  common.  Tbe 
name  Falagonite  waa  first  given  by  Professor  Bnnsen  to  a  mineni 
occurring  in  the  volcanic  formations  of  Palagonia,  in  Sicily.  It  ii 
rather  a  mineral  substance  than  a  mineral,  as  it  is  always  amorphous 
and  has  never  been  found  crystalliaed.  Ita  composition  is  variably 
but  it  may  be  defined  as  a  hydronlicate  of  alumina,  containing  oxide 
of  iron,  lime,  magneaia,  aud  some  alkalL  It  is  of  a  brown  or  black- 
ish-brown colour,  and  its  specific  density,  2-43.  It  alters  largely 
into  the  compositioo  of  vtdcanic  taSa  and  breccias,  and  is  oonsidereii 
by  Bunsen  as  an  altered  rock,  reaoltixg  from  the  action  of  steam  on 
Tidcaalc  tn& 

*  QeoL  Tnm.  tad  seriM,  vtd.  ii.  p.  Sll. 
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Agghmerate. — In  the  aeighboarhood  of  Tolcuie  venti,  we  fire- 
qnentlf  obowre  TCcnmnlmtiong  of  ftngulu  fragraenti  of  rock,  formed 
dnriug  erapdoiu  by  tbe  ftxploaive  action  of  steam,  which  shatters  the 
solgscent  stony  fitumations,  and  hnrla  them  up  into  the  air.  Thej 
then  fall  in  showers  aronnd  the  cone  or  crater,  or  may  he  spread  ior 
some  distance  over  the  snrraunding  coontry.  The  fragments  consist 
nsaally  of  different  varieties  of  scoriaceous  and  compact  lavas ;  bnt 
other  kinds  of  rock,  snch  as  granite  or  even  forailiferons  limestones, 
may  be  intermixed  ;  in  short,  any  substance  through  which  the  ex- 
panri7e  gases  have  forced  their  way.  The  dispersion  of  inch  ma- 
t«ialfl  maybe  uded  by  tbe  wind,  asit  varies  in  direction  or  intensity, 
and  by  the  dope  of  the  cone  down  which  they  roll,  or  by  floods  of 
Tain,  which  often  accompany  eruptions.  But  if  the  power  of  run- 
ning water,  or  of  the  waves  and  currents  of  the  sea,  be  sufficient  to 
carry  tbe  fragments  to  a  distance,  it  can  scarcely  fail  (unless  where 
ice  intervenes)  to  wear  off  their  angles,  and  the  formation  then 
becomes  a  conglomerate.  If  occasionally  globular  pieces  of  Ecoriea 
abound  in  an  agglomerate,  they  do  not  owe  their  rounded  form  to 
attrition. 

The  size  of  the  angular  stones  in  scone  a^lomerates  is  enormous ; 
for  tbey  may  be  two  or  three  yards  in  diameter.  The  mass  is  often 
50  or  100  feet  thick,  without  showing  any  marks  of  stratification. 
The  term  volcanie  breeeia  may  be  restricted  to  those  tnfis  which 
are  made  np  of  small  angular  pieces  of  rock. 

The  shtggy  crust  of  a  stream  of  lava  will  often,  while  yet  is 
motion,  split  up  into  angulu  pieces,  some  of  which,  after  tbe  current 
has  ceased  to  flow,  may  be  seen  to  stick  up  five  or  six  feet  above  the 
general  surface.  Such  broken-up  crusts  resemble  closely  in  structure 
the  a^lomerates  above  described,  although  the  composition  of  the 
materials  will  usually  be  more  hom<^eneouB. 

Laterite  is  a  red,  jaspery,  or  brick-like  rock  composed  of  silicate  of 
alumina  and  oxide  of  iron.  The  red  layers,  called  "  ochre-beds," 
dividing  the  lavas  of  the  Giant's  Causeway,  arelaterites.  These  were 
found  by  Delesse  to  be  trap  impregnated  with  the  red  oxide  of  iron, 
and  in  part  reduced  to  kaolin.  When  still  more  decomposed  they 
were  found  to  be  clay  coloured  by  red  ocbre.  As  two  of  the  lavas 
of  the  Giant's  Causeway  are  parted  by  a  bed  of  lignite,  it  is  not  im- 
probable that  the  layers  of  laterite  seen  in  the  Antrim  clifis  resulted 
from  atmospheric  decomposition.  In  Madeira  and  the  Canary  Is- 
lands streams  of  lava  of  sabaerial  origin  are  often  divided  by  red 
bands  of  laterite,  probably  ancient  soils  fbrmed  by  the  decomposition 
of  the  surfaces  of  lava-currents,  many  of  these  stnla  having  been 
coloured  red  in  the  atmosphere  by  oxide  of  iron,  others  burnt  into 
a  red  brick  by  the  overflowing  of  heated  lavas.  These  red  bands 
are  sometimes  prismatic,  tbe  small  prisma  being  at  right  angles  to 
tbe  sheets  of  lava.  Red  clay  or  red  marl,  formed  as  above  stated  by 
the  disintegration  of  lava,  acorin,  or  tuff,  has  often  accumulated  to 
a  great  thickness  in  the  valleys  of  Madeira,  being  washed  into  them 
by  alluvial  action ;  and  some  of  tbe  diiek  beds  of  laterite  in  India 
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m»7  have  tuid  a  rimikr  origin.  In  India,  hoirerer,  etpecially  in 
tbe  Deccan,  th«  t«rm  "  laterite  "  wema  to  hsve  been  nsed  too  vagoelj. 
It  would  be  tedious  to  enumerate  all  the  Tuieties  of  trap  and 
lava  which  haTO  been  regarded  by  different  observers  as  lufficicntl; 
abnndwit  to  deaerre  distinct  names,  especially  as  each  inveetigaUv  is 
too  apt  to  exaggerate  the  importance  of  local  varieties  which  ha[q)en 
to  prevail  in  districts  best  known  to  him.  It  will  be  useful,  howertr, 
to  subjoin  here,  in  the  form  of  a  glossary,  an  alphabetical  list  of  the 
names  and  370007108  most  commonly  in  use,  with  brief  explanationa, 
to  which  I  have  added  a  table  of  the  analysis  of  the  simple  mineral) 
most  abundant  io  the  volcanio  and  hypt^ene  rocka. 

Explanation  <if  lAe  I^amtt,  Syiwrn/nu,  and  JUmeral  Con^KtUmi  ef 
the  tnore  abundant  Voteanie  Soekt. 

AoaLOMBKATS.  A  couie  breccia,  compoied  of  fraglDimta  of  rock,  cut  ost  of 
Tolcauic  TenCi,  for  the  moM  pan  ongnlar  tui  withoat  asj  kdmiitim  of 
water-woni  Monw.    "  Tolcanie  ean^mentcs  "  may  be  applied  ta  miitiini 


Anunnt.    Sea  Conieaii. 

AxpmBouT*,  or  HoumLBrm  Boca,  wtich  see. 

AkraOALoiD.    A  partiniUr  fonn  of  Tolcuiie  lock ;  tet  p.  473. 

AconK  Boca.    A  rock  of  tbs  banltic  family,  compowd  of  fclipar  tnd  tofflt, 

Sn  p.  470. 
Aueino-roaFBTBr.    Ciyitali  of  Labnulor-felipBr  and  of  ugHa,  In  1  gnai  t 

dark  grey  base.    (Aim;  jfm.  du  Jfian,  torn.  B.  p.  S3.  1B35.) 

Basalt.    An  '■■'™"f  miztare  of  fcdipar  and  angiw  with  magnetic  iron,  olifiiM, 

&C.     5m  p.  4T0, 
Basamite.     Name  giTsD  by  Alex.  Brongtiian  to  a  rock,  having  a  ban  i>f  bwilii 

with  mora  or  leaa  disdncC  crystals  of  angite  dineminauid  tbroo^  iL 

CLAmovB  and  CLATsrora-roaPHTKr.  An  eatthy  and  compact  rtone,  inaOj  '^ 
a  porpIM  Goloiir,  like  an  indurated  clay  t  paaaea  into  bonutcnte  g  gtoertUf 
concaioi  acMlered  cryitali  of  felspar  and  aometimsi  of  quartz. 

CumsTOHx.  SgH.  Phonolite,  fltaile  FetrcaQex,  te  p.  471.;  a  greyuh-bliia  rock, 
having  a  tandencj  to  <Utide  into  ilabs  ;  hard,  with  cl«an  fiictare.  rmgui; 
nnder  the  hammer ;  principally  composed  of  felspai,  and,  accordiiig  X> 
Gmelin,  of  felspar  and  meiotype.     (Ltonitari,  Maurairadt,  p.  103.) 

CoMTACT  Felspak,  wfalch  hai  alio  been  called  Fetnxilex ;  tbe  rod  n  o^ 
inelndea  the  honutone  of  «ome  minetalogiata,  ii  allied  io  clinkatone,  1>di  ■* 
hardrr,  more  compact,  and  tranalncent.  It  ii  a  Taiying  rock,  of  i^A  '^ 
chemical  compoiicion  ij  not  well  defined.  iMacCtiSoeh'M  CkuBfealie"i 
flocA«,p,481.j 

CoaxKAit  or  Ai-banite.  A  compact  bonageneoni  ro(±  without  a  inc*  <■ 
dyataUiiadon,  bnaking  with  a  mooth  mr&ce  like  aome  compact  banlf! 
coniiaU  of  hornblende,  quarts,  ami  foltpar  in  intimate  coKbiniikn.  1' 
derives  ita  name  bom  the  Latin  weed  eonw,  bom,  in  allntioii  to  ia 
tonghneu  and  compact  texture. 

D1AU.A0B  Bock.  Stpi.  Eapbotide,  Oabbro;  and  some  Ophiolitea,  CoufobdM 
of  felipor  and  diallage. 

Dtoarra,  A  kind  of  QreoiMone,  which  see.  Compmenti,  fUapar  and  bcnUi'i'* 
ingraina  According  to  A>M;^)n.  Aiifuie*,  tom.8.  p.4.,<fionti<M^ 
of  altate  and  honUonde,  bat  Delesae  hai  thowo  that  the  fUifsr  ta^'* 
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OBgixliia  or  Lnteadorit*.  (.,4im.  da  Minn,  IS49,  torn.  16.  p.  3SS.)  B« 
dirk  cokiBr  i>  due  to  diMeminated  platn  of  homblaiide.  Stt  ibore 
IL471. 

Qoi-XKirB.  AcoordiDg  to  Bose  (i£ul  p.  33.),  iti  compodtitai  b  lilack  angHe  Mid 
Ikbradcs-felipu' )  sccotding  to  Leoohard  (Jfuunifrdcft,  ftc.  p,  77.}, 
■ogite,  LabTsdor-falspu',  ud  Eugnetic  iron.    Set  above,  p.  470. 

BoiOTs.    An  earth;  trac^le,  firand  in  tbe  Taj  de  Dome,  in  Anrergne. 

EDTOOTma.    A  mizliire  of  gnini  <tf  I^bndor-felapar  and  diaHage.    (Rdm,  iMdL 

p.  19.)  According  to  lome,  thit  rock  it  defiasd  to  b«  a miztiuc  of  angit« 
or  homlileDde  and  SaanRUite,  a  mineral  allied  to  jade.  ^AHoM't  Jfm*> 
ralagf,  p.  168.)  Haidhiger  flrat  obcerred  that  in  thit  rock  bontblende 
■DironndB  tbe  ajtulx  of  diallag«h 

JtUBAB-voarmxxT.  SgH.  Harutone-potphTirt  a  baae  of  feltpar,  with  OTitali 
of  ftlapar,  and  orTitali  and  graina  of  qnarti.    Sm  alio  Homitrae, 

GiBBB<%  M>  Diallag«  Tock. 

Gaanfamas.     Sjn.  A  mixton  of  feltpar  and  bomblsnde.    Stt  abore,  p.  471. 

GiniTOVB.    (Orauatein  of  Werner.)    Lead-grej  and  graaniah  rock  etnnpoted  of 

felspar  and  angila,  the  felipar  being  more  tW  •eren^-flre  per  cent.  (^Scrape, 
Jwra.  ef  ScL  So.  43.  p.  331.)  Or^stone  Iatw  are  intermedials  in  com- 
poaition  between  baaaltic  and  uachjtic  laraa. 

HoBVBUDCDB  BoCK,  oT  AxPHiBOLiTi.  Thii  Tock,  at  defined  bf  Leonhard,  ia 
oompoted  endrelj  of  hornblende ;  bat  BDCh  a  rock  appean  to  be  ezcepcionftl, 
and  cooGned  Co  mineral  Teinj.  Anj  rocks  in  nhich  hornblende  pUji  a 
eonipicuoni  part,  conttitoting  the  "  rocbei  amfduboliqaea "  of  French 
wrJtBia,  may  be  called  hornblende  rock.  Tbej  alwayl  oontaia  more  or  leti 
felapar  in  their  compOMtion,  and  pau  into  baialc  or  greenttoue,  or  sphanite. 
See  p.  470. 

HoiMnoKE-ponriiiBr.  A  kind  of  felspar  porphjrf  (Leoniard,  lac.  ciL),  irith  a 
base  of  homsCone,  a  mineral  approaching  near  to  flint,  differing  from 
compact  feltpar  in  being  inFosible. 

HTFiacTHiira  Boo,  a  mixture  of  graini  of  Labrador-felspar  and  hjpantiMne 
(Bete,  JjBi,  du  Minet,  torn.  8.  p.  1&),  having  tbe  ttmctore  of  syenite  or 
granite  ;  ahondant  among  the  trapa  of  Skye.  It  ia  extremely  toogh,  gray- 
ish, and  greenish  blacL  Some  geologists  consider  it  a  greenstone,  in  which 
hjperstheae  cepUcet  hornblende ;  and  this  opinion,  tays  Dehnse,  it  bome 
out  by  (he  &ct  that  hornblende  nsoal^  occnn  in  hjpersthane  rock,  often 
eoTeloping  tbe  crystals  of  hypersthene.  The  latter  hmTe  a  pearly  or  metallic- 
pearly  lustre. 

LtTiBiTB.  A  red,  jaipeiy,  brick-like  rock,  compoaed  of  nlicate  of  alnmina  and 
oxide  of  iron,  or  sometimes  consisting  of  clay  colonred  with  red  ochie. 
Sie  abore,  p^  47S. 

lUuFBT&s.  A  rariety  of  black  porphyry  competed  of  L«teadar>fUspar  and  a 
small  qnaoti^  itf  aogile.  Its  black  colonr  was  formerly  attributed  to  dis- 
seminated microaropic  crystals  oF  augice,  bnt  H.  Delesse  has  shown  that 
the  pwte  is  discoloured  by  hydrochloric  add,  whereas  thft  acid  doea  not 
attack  tbe  cryttala  of  angite,  which  are  seen  to  be  isolated,  and  few  in 
number.  (Jm,  dtt  Jfnui,  4th  ler.  torn.  xii.  p.  138.)  Xrom  p<au,  mtlat, 
black. 

OniDuit.    Vitieont  Ibti  like  melted  glsM,  nearly  allied  to  fntchstcaie. 
OrsiOLm.    A  name  giren  by  AL  Kungniart  to  serpentine. 
OrsiTx.    A  name  given  by  PaLuMni  to  certain  trap  rockt  of  the  ^nneet,  very 
variable  iu  ccoipotuion,  ntnalty  composed  of  Labrador-felspar  and  horn- 
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Uende,  and  loiiietlmw  aogite,  occuioiiallj  of  a  gneo  oolmi,  and  pndng 
into  nrpentiiie. 

PALAOonTK  Tuff.    Ad  allei«d  Tolcank  taff  contaiiuDg  the  nb«t«nc«  Icnnod 

palagonite.     Ste  p.  474. 
pEisuTom.    A  Tolcanic  rock,  haTing  the  loitre  <rf  Biodter  of  peail  i  nnillj 

haring  a  nodnlv  KrtiGtiue )  intimalelj  related  to  obridian,  but  IcM  ^a>J< 
FBPBKDTOt    A  fbim  of  Tolcauic  tu%  compoaed  of  bauhie  RoritB.    Sttf.  *H- 
pBTSonuKx.    Stt  CUnbKone  and  Compact  Felipai, 
PuoH&m.    ^pt.  of  Clink>ton^  wfaioh  lee. 
PiicBROKB,  or  Bbtutitb  of  the  French.    Vitieoiul*Ta,lMB^an7'thnol>ridiHii 

a  blackish  green  rock  i«Mitibliiig  gUsa,  baring  a  retinoos  luKre  mi  ap- 

pearance  of  pitch ;  composition  tintallj  of  gias^  fUipar  (crthodwe)  vitii  a 

little  mica,  qauti,  and  bombUnde ;  in  Airan  it  fonni  a  dike  thiiif  Sta 

wide,  cQItitig  throcgb  aandstone. 
PtTHicF.    A  light,  Bpongy,  Ebtnnt  fccm  of  tnchyte.     See  p.  473. 
PrxozBVic-FoaFHTZT,  lame  m  MgitiC'POfpbjt]',  iijnaaM  being  BaS/i  Dnu 

fczangite. 

8coaiM.  Si/K.  rolcanic  cinden ;  leddiah  brown  or  black  porou  farm  cf  Ina 
Sie  p.  4TS. 

Sebfkntine.  a  greeniih  rock  in  which  tbere  ii  moch  magnuU.  S«  eoopMiiiin 
alwaja  approaches  Teiy  near  to  Che  mineral  called  "nohle  aenwDtioe  "  («• 
Table  of  Jmtljstt,  p.  479.),  which  forniB  Teini  in  tliia  rock.  The  miiunb 
moat  ctmimonlj  fonnd  in  Serpentine  aie  diallage,  garnet,  chlcrite,  oijdn- 
lona  iron,  and  chroiOBte  of  iron.  The  diallage  end  gamet  oeconing  in  m- 
pentine  are  richer  in  magnesia  than  when  they  ara  ciystalliied  in  <»iKr 
rocki  iDdate,  An.  da  Mitut,  )8S1,  torn,  xriii.  p.  809.)  Ocnin  lome- 
times,  thoDgb  rarely,  in  dikes,  altering  the  contiguous  strata ;  is  indiffirady 
a  menib«  of  the  trappean  or  bjpogene  series.  Its  abteoce  &om  recent  tol- 
canic products  seems  to  imply  that  it  belongs  properly  to  the  metumrpUc 
class;  and,  even  when  it  is  ftnuid  in  dike*  cutting  thioogh  aqacoos  fbimt- 
tioDs,  it  may  be  an  altered  basalt,  which  aboonded  greatly  in  oliTina, 

Tfphbimk,  ^onynont  with  lava,  Name  propoaed  by  Alex.  Brongnisit. 
Tou>an»TB.  A  local  name  in  Dnbysbire  for  a  kind  of  waek£,  whieb  see. 
Tracbtte.    Chiefly  compoaed  of  glas^  felspar,  with  ciyatals  of  gUs^  Mliar- 

Set  p.  470. 
Tb*p  Titff,     Sti  p.  474. 
TKua.    A  kind  of  tuff  ot  mnd  ponied  out  by  lake-crat«t«  doling  «npl»Bt  \ 

common  in  the  Eifel,  in  Qermany. 
Tow.     Syn.  Tr^-tnff,  Tolcanic  toff     Sa  p.  47*. 

ViTBBOiiB  Ii&Ti.     5m  Fitchstone  and  Oteidian. 
VoLOuno  TiwF.     Sa  p.  474. 

Wacs£    a  soft  and  earthy  variety  of  crap,  having  an  argillaceous  aspect.   Ii 

reaemb)e«  indurated  elay,  and  when  scratched,  eifaibits  a  diining  Mmk. 
'WHmioKn.    A  Scotch  protindnl  term  for  greenstone  and  otbv  haid  tr^  nx^ 


Do,i,.cnh,.GoOglc 


or  TOLCAHIC  SOCKS. 


Aiwlte.  bbck,  t 


DUIail  gf  •BpbMW*  (IMlHt)  ' 


llypwitbM  iKlMcath) 
■UtaBUu  or  sikUMk  STHB 


—  ■hiia.of  pi(muiu  (IM*>») 
(KliproUi) 

ivuqilJlBt     -  .         . 

Tile,nir«(DgJa«i)   - 


^.BSffi! 


nd,  of  nulu  ( 

Honrii  (RnoKtitiRi). 

I^miiilliM  (ObiUii)  - 


mow. 

Il-M  w. 

SMW. 


0 1  j:"^^ 


^.  riicapbortc  uld,  T.  OlU*  «f  TIubIbd, 


,h,Coo<^lc 


TBAF  DIKES. 


CHAPTER  TTTTY, 

VOLCJUOO  SOCKS 

T^  dike*  —  tometimet  projact — KOMtimM  lure  BHoiei  nc«nt  b;  decanpoB- 
tion — Branches  anil  tgiiu  of  trap  —  Diko  moni  crjmdline  in  the  centn— 
Strata  altered  at  or  near  the  cootarct — Obliieration  of  organic  remuni — On- 
veruonof  chalk  into  marble — Tt^  interpoaed  between  nrata— Columniruid 
globular  atracmre  —  Relation  of  trappeu  rocki  to  the  prodnfita  of  actin  >el- 
eano* — Fonn,  exlemal  Kmetore,  and  origin  of  rolcanic  moantaiiu  —  Cmtn 
and  Caldera* — Sandwich lilandi — lATa flowing onderground — Tnaabmd 
cones — Javaoeae  calderai — Canar;  lalaada  —  Structure  and  origin  of  the  Oi- 
dera  of  Palma— Older  uid  newer  votcanicrocki  in,  nnconfOTmable — AqsMxu 
conglomerate  in  Palma — Hypotheaii  of  Dphearal  cortaidered — ^Slepe  od  vUit 
alooj  laTaa  may  form — Extent  and  nature  of  aqaeoni  eroeion  in  PaliDa— Und 
of  St  Paul  in  the  Indian  Ocean— Peak  of  Teneriffe,  and  ruina  of  older  ow- 
Madeira — Ita  Tolcanic  rock*,  portly  of  marine,  and  parclj  oF  eabacnat  ivigiD  — 
Central  axil  of  enptiona — Varying  dip  of  solid  Ian*  near  the  azia,  ud  fiinlKi 
from  it — Leaf-bed,  and  fbaeil  land-plants— Central  Tallefs  of  Madetri  srt 
craters,  or  calderai. 

EAvma  in  the  last  chapter  Bpoken  of  the  compoution  mi  nunenl 
chftractera  of  Tolunic  rocks,  I  8h«ll  next  describe  the  manner 
and  poBition  in  which  they  occur  in  the  earth's  cniat,  ud  tbeir 
external  forms.  The  leading  varieties  both  of  the  basaltic  tot 
trachytic  rocks,  ae  well  as  of  greenstone  and  the  rest,  are  (oofi 
somelimes  in  dikes  penetrating  stratified  and  nnstratified  fonnadons, 
sometimes  in  shapeless  masses  protruding  through  or  orerlfuig 
them,  or  in  horizontal  sheets  intercalated  between  strata. 

Volcanic  or  trap  diket. — Fissures  have  already  been  spoken  of  u 

occurring  in  all  kinds  of  rocks,  some  a  few  feet,  others  man;  juii-' 

in  width,  and  often  filled  up  with  earth  or  angular  pieces  of  iIodB, 

or  with  sand  and  pebbles.    Instead  of  such  materials,  snppote  i 

p,    ,^  quantity  of  melted  stone  to  be 

driven  or  injected  into  an  (^ 

rent,  and  there  consoliditH 

we  have  then  a  taholar  mw 

resembling  a  wall,  and  olW 

a  trap  dike.     It  is  not  hB' 

common  to  find  such  Hi'' 

■    passing  through  strata  of  wn 

:    materials,  such  as  tufTiaMfi^ 

I    or  shale,  which,  being  mon 

perishable  than  the  tnp.  V^ 

often  washed  away  iff  ^ 

"■        sea,  rivers,  or  rain,  in  wbicli 


<F»  idiawlBi  or  Cirt.  Bi 
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case  the  dike  Btands  prommentlf  oat  in  the  face  of  precipices,  ot  on 
the  level  surface  of  a  country. 

In  the  ialands  of  Arran  and  Skye,  uid  in  other  parts  of  Scotland, 
where  sandstone,  conglomerato,  and  other  hard  rocks  are  traversed  by 
dikes  of  trap,  the  converse  of  the  above  phenomenon  is  seen.  The 
dike,  having  decomposed  more  rapidly  than  the  containing  rock,  has 
once  more  left  open  the  original  Assure,  often  for  a  distance  of  many 
Fta  6V  yards   inland    from  the    sea-coast,    as 

represented  in  the  annexed  view  (fig. 
625.).  In  these  instances,  the  green- 
stone of  the  dike  is  usually  more  toogh 
and  hard  than  the  sandstone ;  but  che- 
mical action,  and  chiefly  the  oxidation 
of  the  iron,  has  given  rise  to  the  more 
rapid  decay. 

There  is  yet  another  case,  by  no 
means  uncommon  in  Arran  and  other 
parts  of  Scotland,  where  the  strata  in 
contact  with  the  dike,  and  for  a  certain 
distance  from  it,  have  been  hardened,  so 
as  to  resist  the  action  of  the  weather 
jt  br  •iMoapoHd  more  than  the  dike  itself  or  the  sur- 
1,  sk,*  (ii«cuu  roonding  rocka.  When  this  happens, 
two  paralle]  walls  of  indurated  strata 
are  seen  protruding  above  the  general  level  of  the  coontrj  and 
foUovring  the  course  of  the  dike. 

As  fissores  sometimes  send  off  branches,  or  divide  into  two  or 
more  fissures  of  equal  size,  so  also  we  find  trap  dikes  bifurcating 
and  ramifyii^,  and  sometimes  they  are  so  tortuous  as  to  be  called 
„,  ,^  Twns,  though   this  is  more  common  in 

granite  than  in  trap.  The  accompanying 
sketch  (fig.  626.)  by  Dr.  MacCulloch  re- 
presents part  of  a  sea-cliff  in  Argyleshire, 
where  an  overlying  mass  of  trap,  b,  sends 
out  some  veins  which  terminate  down- 
wards. Another  trap  vein,  a  a,  cnts 
through  both  the  limestone,  e,  and  the 
trap,  b. 

In  fig.  627.,  a  ground  plan  is  given  of 
a  ranufying  dike  of  greenstone,  which  I  observed  cutting  tluough 
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sandBtone  on  the  beach  near  Eildon&n  Cutle,  in  Amo.  llic 
larger  branch  Taries  from  5  to  7  feet  in  width,  which  will  $!Sxi  t 
Bcale  of  measnrement  for  the  whole. 

In  the  HebrideB  and  other  coantriea,  the  Hsme  maases  of  tnp 
which  occnpy  the  gar&ce  of  the  country  far  and  wid^  concediiig 
the  subjacent  stratified  rocks,  are  seen  also  in  the  sea  clif^  pro- 
longed downwards  in  veins  or  dikes,  which  probably  nnite  irith 
other  masses  of  igneons  rock  at  a  g;reater  depth.  The  largest  of  ^ 
dikes  represented  in  die  annexed  diagram,  and  which  are  Ken  in 
part  of  the  coast  of  Skje,  is  no  less  than  100  feet  in  iridttu 


Tnp  dliMlDg  ud  coiartni  undMooa  ami  Salihnlib  h  Sijt.    (lUeCalkKL.) 

Every  variety  of  tr«p-TOck  is  sometimes  found  in  dikes,  as  banJl; 
greenstone,  felspar-porphyry,  and  trachyte.  The  am^dakiidil 
traps  also  occnr,  thongh  more  rarely,  and  even  tuff  and  breccia,  for 
the  materials  of  these  last  may  be  washed  down  into  open  flssnne  it 
the  bottom  of  the  se^  or  during  eraptiona  on  the  land  may  be 
showered  into  them  from  the  air. 

Some  dikes  of  trap  may  be  followed  for  leagues  nnintornptedlj 
in  nearly  a  straight  direction,  as  in  the  north  of  England,  shinriif 
that  the  fissures  which  they  fill  must  have  been  of  extraOTdiuiy 
length. 

In  man;  cases  trap  at  the  edges  or  sides  of  a  dike  is  lee*  trjt- 
talline  or  more  earthy  than  in  the  centre,  in  consequence  cf  tlie 
melted  matter  having  cooled  more  rapidly  by  coming  in  contact 
with  the  cold  sides  of  the  fissure ;  whereas,  in  the  centre,  where  dte 
matter  of  the  dike  is  kept  longer  in  a  fluid  or  soft  state^  crystals  m 
slowly  formed.  But  I  observed  the  converse  of  the  above  fbe- 
nomeoa  in  Tenerifie,  in  the  neighbourhood  of  Santa  Cms,  where  i 
dike  ia  seen  cutting  through  horizontal  beds  of  scorin  in  the  m- 
clifiT  near  the  Barranco  de  Bufadero.  It  is  vertical  in  its  main 
direction,  slightly  flexuous,  and  about  one  foot  thick.  On  each  ade 
are  walls  of  compact  basalt,  but  in  the  centre  the  rock  is  higUj 
vesicular  for  a  width  of  about  4  inches.  In  this  instance,  tbe 
fissure  may  have  become  wider  after  the  lava  on  each  side  iti 
consolidated,  and  the  additional  melted  matter  poured  into  tbe 
middle  space  may  have  cooled  more  rapidly  than  that  at  tbe  sidea 

In  tbe  ancient  part  of  Tesavins,  called  Somma,  a  thin  band  d 
half-vitreous  lava  is  found  at  the  edge  of  some  dikes.  At  tbe 
junction  of  greenstone  dikes  with  limestone,  a  tahlbaitd,  or  xlnge. 
of  serpentine  is  occauonally  observed.  On  the  left  shon  of  tbe 
fiord  of  Christiania,  in  Norway,  I  examined,  ia  company  witb 
Professor  Eeilhau,  a  remarkable  dike  of  gyenitic  greenstone,  vH^ 
is  traced  througfa  Silurian  strata,  until  at  lengtb,  in  the  promootvj 
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rig.ta.  "^   JUtBaodiea,   it  enten    mic*. 

SraoKie iTMuxna nks srHHodtei,         schist      Fig.  629.   represMits  a 


gnrand  pltm,  where  the  dike 
appeus  8  pues  in  width.  la 
the  middle  it  is  highly  crystal- 
line kad  gnmitifonu,  of  &  porplieh 
colonr,  and  oontaining  a  few 
crystals  of  mica,  and  strongly 
contrasted  with  the  whitish  mica- 
achiet,  between  which  and  the 
Gma-        sr«iiK        Cr»ii  «y«nitic  rock  there  is  nsually  on 

•UM.  tua.  lun*.         each  side  a  distinct  black  band, 

Btone.  When  first  seen,  theM 
bands  have  the  appeannce  of  two  aooompanjing  dikes ;  yet  they 
m«,  in  fact,  only  the  different  form  which  the  syenitic  materials 
have  assumed  wiiere  near  to  or  in  contact  with  the  mica-schist 
At  one  point,  a,  one  of  the  uhlbanda  terminates  for  a  space ;  but 
near  this  there  is  a  laige  detached  block,  b,  having  a  gneiss-like 
atractnre,  consisting  of  homUende  and  felspar,  which  is  included  in 
the  midst  K^  the  dike.  Bound  this  a  smaller  encircling  lone  is  seen 
of  dark  basalt,  or  fine-grained  greenatone,  nearly  corresponding  to 
the  lai^r  ones  which  border  the  dike,  bat  only  1  inch  wide. 

It  seems,  therefore,  evident  that  the  fragment,  b,  has  acted  on  the 
matt«r  of  the  dike,  probably  by  caurasg  it  to  cool  mwe  rapidly,  in 
the  same  manner  as  the  walls  of  the  fissure  have  acted  on  a  latter 
scale.     The  facts,  also,  illustnte  the  facility  with  which  a  graniti- 
form  syenite  may  pass  into  ordinary  rocks  of  the  volcanic  family. 
The  fact  above  alluded  to,  of  a  foreign  fragment,  such  as  4, 
fig.  629.,  included  in  the  midst 
"***•  of  the  trap,  as  if  torn  ofT  from 

some  subjacent  rock  or  the  walls 
I  'of  a  fissure,  is  by  no  means  un- 
common.     A    fine   example  is 
seen  in  another  dike  of  green- 
atone,     10    feet    wide^    in    the 
northern  suburbs  of  Christiwiia, 
in  Norway,   of  which   the  an- 
nexed figure  is  a  ground  plan. 
The  dike  passes  through  shale, 
Ot«-™»^i«v^-itn^ftMmjn>.  "f  »y«...       known  by  its  fossils  to  belong  to 
the     Silurian    series.     In     the 
black  base  of  greenstone  are  angular  and  roundish  pieces  of  gneiss, 
some  while,  others  of  a  light  flesh-colour,  scmie  without  lamination, 
like  granite,  others  with  laminte,  which,  by  their  various  and  often 
opposite  directions,  show  that  they  have  been  scattered  at  random 
through  the  matrix.    These  imbedded  pieces  of  gneiss  measure  from 
I  to  about  8  inches  in  diameter. 

Bockt  altered  by  volcanic  dtAcM. — After  these  remarks  on  the  form 
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and  compontioa  of  dikes  themselves,  I  shall  describe  the  altentioiu 
which  tbej  sometimes  produce  in  the  rocks  in  contact  with  tliem. 
The  changes  are  usuallj  sach  ai  the  intense  heat  of  melted  matter 
and  the  entangled  gases  might  be  expected  to  cause. 

JFiat-Neun/dd. — A  striking  exEunple,  near  Flas-Kewydd,  in 
Angleses,  has  been  described  b^  Professor  Henalow.*  The  dike  is 
134  feet  wid%  and  consists  of  a  rock  which  b  a  compoond  of  fdspar 
and  augite  (dolerite  of  some  anUiors).'  Strata  of  shale  and  argilla- 
oeous  limestone,  through  which  it  cuts  perpendicularly,  are  allered 
to  a  distance  of  30,  or  even,  in  some  places,  to  35  feet  from  the  edge, 
of  the  dike.  The  shale,  as  it  approaches  the  trap,  becomes  gradnaHjr 
more  compact,  and  is  most  indurated  where  nearest  the  jonetioD. 
Here  it  loses  part  of  its  schistose  structure,  but  the  separation  iato 
parallel  layers  is  still  discernible.  In  several  places  the  shale  is  ma- 
verted  into  hard  porcellanous  jssper.  In  the  most  hardened  part  of 
the  mass  the  fossil  shells,  principally  Prodveti,  are  nearly  obliter- 
ated ;  yet  even  here  their  impresaionB  may  frequently  be  tncsd. 
The  alliaceous  limestone  undergoes  analogous  mutati<nis,  losing  iu 
earthy  texture  aa  it  approaches  the  dike,  and  becoming  granular  aad 
crystalline.  But  the  most  extraordinary  phenomenon  is  the  appear- 
ance in  the  shale  of  numerous  crystals  of  analcime  and  garnet,  which 
are  distinctly  confined  to  those  portions  of  the  rock  affected  by  lbs 
dikcf  Some  garnets  contain  as  much  as  20  per  cent,  of  lime,  iriueli 
they  may  have  derived  &om  the  decomposition  of  the  fossil  shelli  tx 
Froducti.  The  same  mineral  has  been  observed,  under  very  tni- 
logouB  circumstances,  in  High  Teesdale,  by  Professor  Sedgwick 
where  it  also  occnts  in  shale  and  limestone,  ^tered  by  basalt^ 

Antrim. — In  several  parts  of  the  county  of  Antrim,  in  the  north 
of  Ireland,  chalk  with  flints  is  traversed  by  basaltic  dikes.  The 
chalk  is  there  converted  into  granular  marble  near  the  basslt,  tbe 
change  sometimes  extending  8  or  10  feet  from  the  wall  of  the  Ske, 
being  greatest  near  the  point  of  contact,  and  thence  gradually  de- 
creasing till  it  becomes  evanescent.  "  The  extreme  ef^t,"  sayi  Dr. 
Berger,  "  presents  a  dark  brown  crystalline  limestone,  the  ny^ 
running  in  flakes  as  large  aa  those  of  coarse  primitive  (metamorpUt) 
limestone ;  the  next  state  is  saccharine,  then  fine  grained  and  aieni- 
ceous ;  a  compact  variety,  having  a  porcellanous  aspect  and  a  blnisii- 
grey  colour,  succeeds :  this,  towards  the  outer  edge,  becomee  ydkiw- 
ish-while,  and  insensibly  graduates  into  the  unaltered  chalk  Ihe 
flints  in  ^e  altered  chalk  tisually  assume  a  grey  yellowish  o^r.'f 
All  traces  of  organic  remains  are  effaced  in  thM  part  of  the  lime- 
stone which  is  most  crystalline. 

The  annexed  drawing  (fig.  681.)  represents  three  basaltic  diies 
traversing  the  chalk,  all  within  the  distance  of  90  feet  The  cbslk 
ctHttignons  to  the  two  outer  dikes  is  converted  into  a  finely  granular 
marble^  m  m,  as  are  the  whole  of  the  masses  between  Qie  outer  dikei 

*  CaiDteidge    ^masactioDi,    toL  i.       t  Ibid,  vol  iL  p.  ITS. 
p,  403.  f  Dr.  Berger,  Owd.  Xmm.  It  Mfiei. 

t  lUd.  JoLlf.  410.  ToL  iil  p.  173. 
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and  the  central  one.  The  entire  contrast  in  the  composition  and 
colour  of  the  intrnsive  and  invaded  rocks,  in  these  cases,  renders  the 
phenomena  peculiarly  clear  and  intereBting. 

Another  of  the  dikes  of  the  north-east  of  Ireland  has  convened  a 
mass  of  red  sandstone  into  hornstone.  By  another,  the  shale  of  the 
coal-measores  has  been  indurated,  assuming  the  character  of  fiintj 
slate;  and  in  another  place  the  slate-clay  of  the  liaa  has  been 
changed  into  flinty  slate,  which  still  retains  numeious  impressions  of 
anunonites.f 

It  might  have  been  anticipated  that  beds  of  coal  would,  from  their 
combustible  nature,  be  afiected  in  an  extraordinary  degree  by  the 
contact  of  melted  rock.  Accordingly,  one  of  the  greenstone  dikes  of 
Antrim,  on  passing  through  a  bed  of  coal,  reduces  it  to  a  cinder  for 
the  space  of  9  feet  on  each  side. 

At  Cockfield  Fell,  in  the  north  of  England,  a  similar  change  is 
observed.  Specimens  taken  at  the  distance  of  about  30  yards  from 
the  trap  are  not  distinguishable  from  ordinary  pit-coal ;  those  nearer 
the  dike  are  like  cinders,  and  have  all  the  character  of  coke ;  while 
those  close  to  it  are  converted  into  a  substance  resembling  soot.J 

As  examples  might  be  multiplied  without  end,  I  shall  merely 
select  one  or  two  others,  and  then  conclude.  The  rock  of  Stirhng 
Castle  is  a  calcareous  sandstone,  fractured  and  forcibly  displaced  by 
a  mass  of  greenstone  which  has  evidently  invaded  the  strata  in  a 
melt«d  state.  The  sandstone  has  been  indurated,  and  has  assumed  a 
texture  approaching  to  hornstone  near  the  junction.  In  Arthur's 
Seat  uid  Salisbury  Craig,  near  Edinburgh,  a  sandstone  which  comes 
in  contact  with  greenstone  is  converted  into  ajaspideous  rock. 

The  secondary  sandstones  in  Skye  are  converted  fiito  solid  quartz 
in  sereral  places,  where  they  come  in  contact  with  veins  or  masses 
of  trap  1  and  a  bed  of  quartz,  says  Dr.  MacCuUocb,  found  near  a 
mass  of  trap,  among  the  coal  strata  of  Pife^  was  in  all  probability  a 
stratum  of  ordinary  sandstone,  having  been  subsequently  indurated 
and  tnmed  into  quartzite  by  the  action  of  beat.^ 

But  although  strata  in  the  neigbboorbood  of  dikes  are  thus  altered 

■  GetA.  Tnuu.  1st  series,  voL  iii.  t  Sedgwick,  Camb.  Trails.  toL  11. 
p.  SIO.  and  plat«  ID.  p.  37. 

t  Ibid.  p.  213.  i  and  VUjtaa,  ninrt.  §  SysL  of  GeoL  toL  i.  p.  206. 

of  Ban.  Tiaxj,  a.  253. 
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in  a  varietj  of  cases,  sbale  being  tamed  into  flinty  slate  or  ja^r, 
litneBtone  into  ciystalline  marble,  eaadstone  into  qaarti,  coal  ialo 
coke,  and  the  fossil  remains  of  all  such  strata  wholly  and  in  part 
obliterated,  it  is  by  no  means  uncommon  to  meet  with  the  same  iwks, 
even  in  the  same  districts,  absolutely  unchanged  in  the  proximity  of 
volcanic  dikes. 

This  great  inequality  in  tlie  effects  of  the  igneous  rocks  may  oiUn 
arise  from  an  original  difference  in  their  teroperatnre,  and  in  that  of 
the  entangled  gaees,  snch  as  is  ascertained  to  prevail  in  different 
lavas,  or  in  the  same  lava  near  its  source  and  at  a  distance  from  it 
The  power  also  of  the  invaded  rocks  to  conduct  heat  niay  Tuy, 
according  to  their  composition,  structure,  and  the  fractures  which 
they  may  have  experienced,  and  perhaps,  also,  according  to  the  quan- 
tity of  water  (so  capable  of  being  heated)  which  they  contun.  1( 
must  happen  in  some  esses  that  the  component  materials  are  miied 
in  such  proportions  as  prepare  them  readily  to  enter  into  cheminl 
union,  and  form  new  minerals ;  while  in  other  cases  the  mass  may 
be  more  homogeneous,  or  the  proportions  less  adapted  for  such 
union. 

We  must  also  take  into  consideration,  that  one  fissure  may  be  ^- 
ply  filled  with  lava,  which  may  begin  to  cool  from  the  first ;  whereis 
in  other  cases  the  fissure  may  give  passage  to  a  current  of  melicd 
matter,  which  may  ascend  for  days  or  months,  feeding  streams  which 
are  overflowing  the  country  abov^  or  are  ejected  in  the  shspe  ot 
scoriie  from  some  crater.  If  the  walls  of  a  rent,  moreover,  are 
heated  by  hot  vapour  before  thj  lava  rises,  as  we  know  may  bsppeo 
OD  the  flanks  of  a  volcano,  the  additional  caloric  supplied  by  the  <like 
and  its  gases  will  act  more  powerfully. 

Jninuioa  of  trap  between  ilrata. — In  proof  of  the  mechsnicsl 
force  which  the  fluid  trap  has  sometimes  exerted  on  the  rocks  inw 
which  it  has  intruded  itself  I  may  refer  to  tlie  Whin-Sill,  where  a 
mass  of  basalt,  from  60  to  80  feet  in  height,  represenied  by  «, 
fig.  632.,  is  in  part  wedged  in  between  the  rocks  of  limestone,  b,  sod 


^or«.  High  TiHdilt,  I>urbuD.    (Ssdewlck.*) 

shale,  c,  which  have  been  separated  frtnu  the  great  mass  of  lioieff^ 
and  shale,  d,  with  which  they  were  united. 

•  Camb.  Tnuu.  voL  iL  p.  IRft. 
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Tlie  stuile  in  ibis  pUce  is  indorated;  and  the  limeBtoue,  which  at 
a  distance  from  the  trap  is  blue,  and  containa  Ibasil  corals,  is  here 
coDverted  into  granular  marble  without  fossils. 

Masses  of  (rap  are  not  unfrequeotly  met  with  intercalated  between 
strata,  and  maintaining  tbeir  parallelism  to  the  planes  of  stratifica- 
tioo  throoghoot  large  areas.  Thej  must  in  some  places  have  forced 
their  way  laterally  between  the  diTisiona  of  the  strata,  a  direction  in 
which  there  would  be  the  least  resistance  to  an  advancing  fluid,  if 
no  vertical  rents  communicated  with  the  surface,  and  a  powerful 
hydrostatic  pressure  were  caused  by  gases  propelling  the  lava 
upwards. 

CohtMnar  and  globular  itructure.  —  One  of  the  characteristic 
forma  of  volcanic  rocks,  especially  of  basalt,  is  the  columnar,  where 
Urge  masses  are  divided  into  regular  prisms,  someUmes  easily  sepa- 
rable^ but  in  other  cases  adhering  £rmly  together.  The  columns 
vary  in  the  number  of  angles,  from  three  to  twelve  ;  but  they  have 
most  commonly  from  five  to  seven  sides.  They  are  often  divided 
transversely,  at  nearly  equal  distances,  like  the  joints  in  a  vertebral 
column,  as  in  tbe  Giants'  Causeway,  in  Ireland.  They  vaiy  exceed- 
ingly in  respect  to  length  and  diameter.  Dr.  MacCulloch  mentions 
some  in  Skye  which  are  about  400  feet  long  ;  others,  in  Morven,  not 
exceeding  an  inch.  In  regard  to  diameter,  those  of  Ailsa  measure  9 
feet,  and  those  of  Morven  an  inch  or  less.*  They  arc  usually  straight, 
but  sometimes  curved ;  and  examples  of  both  these  occur  in  the 
island  of  Stafia.  In  a  horizontal  bed  or  sheet  of  trap  the  columns 
are  vertical ;  in  a  vertical  dike  they  are  horizontal.  Among  other 
examples  of  the  last-mentioned  phenomenon  is  the  mass  of  basalt, 
called  the  Chimney,  in  St  Helena  (see  fig.  633),  a  pile  of  hexagonal 


Snill  pDrtton  nt  Uii  ilika 
laFlf.CN. 

prisms,  64  feet  high,  evidently  the  reminder  of  a  narrow  dike,  the 
walls  of  rock  which  tbe  dike  originally  traversed  having  been  re- 

•  MacCuL  SjW  of  QeoL  vol  a  p,  137. 
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moved  down  to  the  level  of  the  tea.    In  fig.  6S4^  a  anull  portioB  d 
thia  dike  is  represented  on  a  less  reduced  scale.* 

It  being  assumed  that  colamnar  trap  has  consolidated  from  ttSmd 
state,  the  prisms  are  said  to  be  alwajs  at  right  angles  to  the  eoebg 
turfaca.  If  these  surfaces,  therefore,  instead  of  being  either  per- 
pendicular or  horizontal,  are  curved,  the  colunmB  onght  to  be  inclined 
at  every  angle  to  the  horizon  ;  and  there  ia  a  beantiful  exemplifics- 
tion  of  this  phenomenon  in  one  of  the  valleys  of  the  Vivatsi^  t 
mountainoiis  district  in  the  Sonih  of  France,  where,  in  the  raidn  of 
a  region  of  gneiss,  a  geologist  enconntere  unexpectedly  lerai 
volcanic  cones  of  loose  sand  and  scorin.  From  tbe  crater  of  one  of 
these  cones,  called  La  Coupe  d'Ayzac,  a  stream  of  lava  descends  ud 
occapies  the  bottom  of  a  narrow  valley,  except  at  those  points  irba« 
the  river  Volant,  or  the  torrents  which  jrfn  it,  have  cut  away  pordou 
of  the  solid  lava.    The  accompanying  sketch  (fig.  63S.)  repremnts  tbe 


Lan  at  La  Coupe  d'AfMC,  tati  AmnlgiM,  In  Ih*  pnriac*  «f  AnUeb*. 

remnant  of  the  lava  at  one  of  tbe  points  where  a  lateral  torrent  joins 
the  mun  valley  of  the  Volant  It  is  clear  that  the  lava  once  filled 
the  whole  valley  up  to  the  dotted  line  d  a ;  but  the  river  has  gn- 
dually  swept  away  all  below  that  line,  while  the  tributary  torrent  bu 
laid  open  a  transverse  section ;  by  which  we  perceive  in  the  fint 
place,  that  the  lava  is  composed,  as  usual  in  this  country,  of  Ihite 
parts :  the  uppermost,  at  a,  being  scoriaceous ;  the  second,  b,  pre- 
senting irregular  prisms;  and  the  third,  e,  with,  r^ular  cohuDie, 
which  are  vertical  on  tlie  banks  of  the  Volant,  where  they  ie«t  on  a 
horizontal  base  of  gneiss,  bat  which  are  inclined  at  an  angle  of  46°  U 
g,  and  are  horizontal  at  /,  their  position  having  been  every  where 
determined,  according  to  the  law  before  mentioned,  by  the  concave 
form  of  the  original  valley. 

In  the  annexed  figure  (636.)  a  view  is  given  of  some  of  the  in- 
clined and  curved  colomns  which  present  themselves  on  the  ndss 
of  the  valleys  in  the  hilly  region  north  of  Vicenza,  in  Italy,  and 
at  the  foot  of  the  higher  AJps.f  Unlike  those  of  the  Vivarw,  bit 
mentioned,  the  basalt  of  this  counti?  was  evidently  eubmarine,  and 
the  present  valleys  have  since  been  hollowed  oat  by  denndatim. 

*  Scale's  Qeognosy  of  St.  Helena,  t  Foitii.   HEm.  war  fHttf.  Bit.  de 

pUt«  9.  nt^ie,  torn.  I  p.  US.  plate  7. 
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The  colnmnftr  Btnictnre  it  hj  no  means 
peculiar  to  the  trap  rocks  in  which 
augito  abonnds;  it  is  also  obserTed  in 
clinkstone,  trachyte,  and  other  felspathic 
rocks  of  the  igneous  class,  although  in 
these  it  is  rarely  exhibited  in  such  re- 
gular polygonal  forms. 

It  has  been  already  stated  that  basaltic 

columns  are  often  divided  by  cross  joints. 

Sometimes  each  segment,  instead  of  an 

angular,  assumes  a  spheroidal  form,  so 

that  a  pillar  is  made  up  of  a  pile  of 

Coioniur  bull  In  tht  vtemiin.      balls,  Usually  flattened,  as  in  the  Cheese- 

^'"'^■i  grotto  at  Bertrich-Baden,  in  the  Eifel, 

near  the  Moselle  (fig.  637.).     The  basalt  there  is  part  of  a  small 

stream  of  lava,  from  30  to  40  feet  thick,  vhich  has  proceeded  from 


Builtic  plllin  ot  Itw  Kiiicgmitc.  Bntiieh-Badm.  half  wa;  iHCwHn  Tnm  ud  CoblenU. 
Height  or  iroUO,  [rnu  7  to  B  fnt. 

one  of  several  volcanic  craters,  still  extant;  on  the  neighbouring 
heights.  The  position  of  the  lava  bordering  the  river  in  this  valley 
might  be  represented  by  a  section  like  that  already  given  at  fig.  635. 
if  we  merely  supposed  inclined  strata  of  slate  and  the  argillaceous 
sandstone  called  greywacke  to  be  substituted  for  gneiss. 

In  some  masses  of  decomposing  greenstone,  basalt,  and  other  trap 
rocks,  the  globular  structure  is  so  conspicuous  that  the  rock  has  the 
appearance  of  a  heap  of  large  cannon  balls.  According  to  the  theory 
of  M.  Delesse,  the  centre  of  each  spheroid  has  been  a  centre  of  crys- 
tallization, around  which  the  different  minerals  of  the  rock  arranged 
themselves  symmetrically  during  the  process  of  cooling.  But  it  was 
also,  be  says,  a  centre  of  contraction,  produced  by  the  same  cooling. 
The  globular  form,  therefore,  of  such  spheroids  is  the  combined 
result  of  crystallization  and  contraction.* 

*  Delesse,  nr  lea  Bodies  Globuleusea,  Mem.  de  la  Soc.  Geol.  de  France,  3  ser. 
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A  Btriking  example  of  this  stnictura  occurs  in  a  resinoas  tntchjte 
or  pitchstone-porphyry  in  one  of  the  Fonzft  ialmnds,  which  liae  from 
the  Mediterranean,  off  the  C04Bt  of  Terracin*  and  Gaeta.  The 
globes  vary  from  a  iew  inches  to  thi«e 
feet  in  diameter,  and  are  of  an  ellipsoidal 
form  (8ee  fig.  63&>  The  whole  rock  ia 
in  a  state  of  decomposition,  "and  when 
the  balls,"  saja  Ur.  Scrope^  "  have  been 
exposed  a  short  time  to  the  weather,  tbej 
kbUb  off  at  a  touch  into  nnmerotu  con- 
centric coats,  Uke  those  of  a  bulbous  root, 
inclosing  a  compact  nucleus.  The  lamina 
of  this  nucleus  have  not  been  so  much 
loosened  by  decomposition ;  bnttbe^ipli- 
cation  of  a  ruder  blow  will  produce  a  still 
further  exfoliation.*'" 

A  fissile  texture  is  occasionally  assonied 
by  clinkstone  and  other  trap  rocks,  so  that 
they  have  been  used  for  roofing  boosu- 
Sometimes  the  prismatic  and  slaty  sine- 
ture  is  found  in  .the  same  mass.     The 

ments  are  tot/  obscure,  but  are  sopposed 
to  be  connected  with  changes  of  temperature  during  the  cooling  of 
the  mass,  as  wil}  be  pointed  ont  in  the  sequel  (See  Chaps.  XXXV. 
andXXXVl) 

Jtdation  of  TVof^Man  Roclu  to  the  produett  of  active  VoIcanoL 

When  we  reflect  on  the  changes  above  described  in  the  strata  dcv 
their  contact  with  trap  dikes,  and  consider  how  complete  is  ib^ 
analogy  or  often  identity  in  composition  and  structure  of  the  rocki 
called  trappcan  and  the  lavas  of  active  volcanos,  it  seems  difficult  U 
first  to  understand  how  so  much  doubt  could  have  prevuled  for  hilf 
a  century  as  to  whether  trap  was  of  igneous  or  aqueous  origin.  To 
a  certain  extent,  however,  Uiere  was  a  real  distinction  between  tbe 
trappean  formations  and  those  to  which  the  term  volcanic  was  ahooGl 
exclusively  confined.  A  lai^  portion  of  the  trappean  rocks  Gnt 
studied  in  the  north  of  Germany,  and  in  Norway,  France,  Scotland, 
and  other  countries,  were  such  as  had  been  formed  entirely  under 
water,  or  had  been  injected  into  fissures  and  intruded  between  sCnta 
and  which  had  never  flowed  out  in  the  air,  or  over  the  bottom  cf  * 
shallow  sea.  When  these  products,  therefore,  of  submarine  or  sub- 
terranean igneous  action  were  contrasted  with  hx>se  cones  of  scorii^ 
tufi*,  and  lava,  or  with  narrow  streams  of  lava  in  great  part  seorii- 
ceous  and  porous,  such  as  were  observed  to  have  proceeded  fron 
Vesuvius  and  Etna,  the  resemblance  seemed  remote  and  eqiuTOCiL 

*  Scrope,  GeoL  Tnuu.  ad  leriea,  toL  iL  p.  aOiS, 
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It  wu,  in  troth,  Uke  comparing  the  roots  of  a  tree  vith  its  leares 
and  bnncbefl,  which,  although  they  belong  to  the  same  plant,  difih* 
in  form,  texture,  colour,  mode  of  growthj  and  position.  The  external 
oooe,  with  its  looM  ashea  and  porous  lara,  maj  be  likened  to  the 
light  foliage  and  branches,  and  the  rock«  concealed  far  below,  to  the 
roots,     But  it  is  not  enough  to  iaj  of  the  rolcano, 

.ftheriu,  ti 

for  ita  roots  do  literally  leach  downwards  to  Tartarus,  or  lo  the 
regions  <^  sabterranean  firei  and  what  is  concealed  far  below  is 
probably  always  more  important  in  volume  and  extent  than  what  is 
visible  above  gronnd. 

We  have  already  stated  how  frequently  dense  masses  of  strata 
b«Te  been  remored  by  denudation  &om  wide  areas  (see  Chap.  YL) ; 
j^_at_  and  this  fact  prepares  ns  to  expect  a 

similar  destruction  of  whatever  may 
once  have  formed  the  uppenaost  part 
of  ancient  submarine  or  snbaerial  vol- 
canos,  more  especially  as  those  super- 
ficial parts  are  always  of  the  lightest 
and  most  perishable  materials.  The 
abrupt  manner  in  which  dikes  of  trap 
usn^y  terminate  at  the  surface  (see 
■""S^ISPSih'iSi'.**'"'  H-  639.),  and  the  water-worn  pebblea 
of  trap  in  the  alluvium  which  covers 
the  dike,  prove  inconteetably  that  whatever  was  uppermost  in  these 
formations  has  been  swept  away.  It  is  easy,  therefore,  to  conceive 
that  what  is  gone  in  regions  of  trap  may  have  corresponded  to  what 
is  now  visible  in  active  volcanos. 

It  will  be  seen  in  the  foUowiug  chapten,  that  in  the  earth's  crust 
there  are  volcanic  tnfis  of  all  ages,  containing  marine  shells,  which 
bear  witness  to  eruptions  at  many  snccessivB  geological  periods. 
These  tufft,  and  the  associated  trappean  rocks,  mudt  not  be  compared 
to  lava  and  scoria  which  bad  cooled  in  the  open  air.  Their  counter- 
parts must  be  sought  in  the  products  of  modem  submarine  volcanic 
eruptions.  If  it  be  olgected  that  we  have  no  opportunity  of  studying 
theae  Last,  it  may  be  answered,  that  subterranean  movements  have 
cBQsed,  almost  everywhere  in  regions  of  active  volcanos,  great 
etuiDgea  in  the  relative  level  of  laud  and  sea,  in  times  comparatively 
■Dodem,  so  as  to  expose  to  view  the  efiects  of  volcanic  operations  at 
the  bottom  of  the  aea. 

Xbua,  for  example,  the  examination  of  the  igneous  rocks  of  Sicily, 
especially  those  of  the  Yal  di  Noto,  has  proved  that  all  the  more 
ordinary  varietiee  of  European  trap  have  been  there  produced  undor 
the  vraters  of  the  sea,  at  a  modem  period ;  that  is  to  say,  since  the 
Mediterranean  has  been  inhabited  by  a  great  proportion  of  the 
existing  species  of  testacea. 
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These  igneouB  rocks  of  tbe  Val  di  Noto,  and  the  more  tndeDi 
trappeftn  rocks  of  Scotland  and  other  countries,  differ  from  sub- 
aerial  volcanic  formations  in  being  more  compact  and  hetvy,  and 
in  forming  sometimes  extensive  sheets  of  matter  intercsbled  be- 
tween marine  strata,  and  sometimes  stratified  conglomerates,  of 
which  the  rounded  pebbles  are  all  trap.  They  differ  also  in  tbe 
absence  of  r^tilar  cones  and  craters,  and  in  the  want  of  confbrmiiy 
of  the  lava  to  the  lowest  levels  of  existing  valleys. 

It  b  highly  probable,  however,  that  insular  cones  did  exist  m 
some  parts  of  tiie  Val  di  Nolo :  and  that  they  were  removed  by  the 
waves,  in  tbe  same  manner  aa  the  cone  of  (rraham  Island,  in  tlx 
Mediterranean,  was  swept  away  in  1831,  and  that  of  Nyoe,  off 
Iceland,  in  1763.*  All  that  would  remain  in  such  cases,  after  tlw 
bed  of  the  sea  has  been  upheaved  and  laid  dry,  would  be  dikes  ud 
shapeless  masses  of  igneous  rock,  cutting  through  sheets  of  lavs 
which  may  have  spread  over  the  level  bottom  of  tbe  sea,  and  etnta 
of  tuff,  formed  of  materials  first  scattered  far  and  wide  by  the  winds 
and  waves,  and  then  deposited.  Conglomerates  also,  with  pebblei 
of  trap,  to  which  the  action  of  the  waves  mnst  give  rise  during  the 
denudation  of  euch  volcanic  islands,  will  emei^  from  the  dfep 
whenever  the  bottom  of  the  sea  becomes  land.  The  propartJon  of 
volcanic  matter  which  is  originally  submarine  mnst  always  be  reiy 
great,  as  those  volcanic  vents  which  are  not  entirely  benesth  tb 
sea  are  almost  all  of  them  in  islands,  or,  if  on  continents,  near  ibe 
shore. 

As  to  the  absence  of  porosis  in  the  trappean  formatioDi,  tbe 
appearances  are  in  a  great  degree  deceptive,  for  all  amygdsloidg  si^ 
as  already  explained,  porous  rooks,  into  tbe  cells  of  which  mioenl 
matter  such  as  silex,  carbonate  of  lime,  and  other  ingredients,  have 
been  subsequently  introduced  (see  p.  473.);  sometime^  perhaps,  by 
secretioii  during  the  cooling  and  consolidation  of  lavas. 

In  the  Little  Cumbray,  one  of  the  Western  Tulanda,  near  Amu, 
the  amygdaloid  sometimes  contains  elongated  cavities  filled  with 
brown  spar;  and  when  the  nodnles  have  been  washed  oat,  tha 
interior  of  the  cavities  is  glased  with  the  vitreous  varnish  so  ebs- 
racteristic  of  the  pores  of  slaggy  lavas.  Even  in  some  parts  of  tw 
rock  which  are  excluded  from  air  and  water,  tbe  cells  are  emptr, 
and  seem  to  have  always  remained  in  this  state,  and  are  therefiin 
andistinguishable  &om  some  modem  lavas.! 

Dr.  MacCuUoch,  after  examining  with  great  attention  theeq  and 
the  other  igneous  rocks  of  Scotland,  observes,  "  that  it  is  a  soot 
dispute  about  terms,  to  refuse  to  the  ancient  empdons  of  tisp  tbe 
name  of  submarine  volcanoes ;  for  they  are  such  in  every  esKut'*' 
point,  although  they  no  longer  eject  fire  and  smoke."  (  Tbe  nsw 
author  also  considers  it  not  improbable  that  some  of  the  roktfic 

•  Sm  print  of  Oed., /-At,  "Grm-  f  MMCnlloeh,  WaiLlihnai,"!-*- 

hun  leland,"  "  Nybe,"  *■  CoDglomeraies,      p.  487. 
votcanic,"  &c  {  SjBt  of  OeoL  voL  iL  p.  H^ 
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rockfl  of  the  Bune  countrj  may  tuve  been  poured  oat  in  the  open 
Mr." 

Although  the  principal  component  minenlB  of  anbaerial  lavas  are 
the  same  as  those  of  intruaiTe  trap,  and  both  the  columnar  and 
gbbular  structure  are  common  to  both,  (here  are,  nevertheleas,  some 
volcanic  rocks  ivhich  never  occnr  in  currents  of  lava,  sttch  as 
greenstone,  the  more  crTstalline  porphTries,  and  those  traps  in 
wbich  quartz  and  mica  appear  as  constituent  parta.  In  short,  the 
intrusive  trap  rocks,  forming  the  intermediate  step  between  lava 
and  the  platonic  rocks,  depart  in  their  characters  fi-om  lava  in 
proportion  as  they  approximate  to  granite. 

These  views  respecting  the  reladons  of  the  volcanic  and  trap 
rocks  will  be  better  understood  when  the  reader  has  studied,  in  the 
33id  chapter,  what  is  said  of  the  plutonic  formatioiu. 

nnBRAI,  TOSK,  BTKUCTCBZ,  Am)  OBIQIK  OP  TOLOAHIC  MOUNTAINB. 

The  origin  of  volcanic  cones  with  crater-sh^Md  summits  has  been 
■Ended  to  in  the  last  chapter  (p.  466.),  and  more  full;  explained  in 
the  "  Principles  of  Geology "  (chaps,  xxiv.  to  xxvii.),  where  Ve- 
sDvins,  Etna,  Santorin,  and  Barren  Island  are  described.  The  more 
ancient  portions  of  those  mountains  or  islands,  formed  long  before 
the  timee  of  histoxy,  exhibit  the  same  external  features  and  internal 
structure  which  belong  to  most  of  the  extinct  volcanos  of  still 
higher  antiquity*,  and  these  last  have  evidently  been  due  to  a 
wmpUcated  series  of  operations,  varied  in  kind  according  to  cir- 
duBstances ;  as,  for  example,  whether  the  accumulation  took  place 
above  or  below  the  level  of  the  sea,  whether  the  lara  issued  &om 
one  or  several  contiguons  vents,  and,  lastly,  whether  the  rooks  re- 
duced to  fusion  in  the  subterranean  regions  happen  to  have  contained 
DKire  or  less  silica,  potash,  soda,  lime,  inm,  and  other  ingredients. 

We  are  best  acquainted  with  the  effects  of  eraptionB  above  water, 
or  those  called  snbaerial  or  sapramarine ;  yet  the  products  even  of 
^iieae  are  arranged  in  so  many  ways  tliat  their  interpretation  has 
given  rise  to  a  variety  of  contracUctory  opinions,  some  of  which  will 
have  to  be  considered  in  tiiis  chapter. 

Crater*  and  Calderat,  Sandwich  ItUmdt.  —  We  learn  &om 
T&t.  Dana's  valuable  work  on  the  geolc^y  of  the  United  States' 
Exploring  Expedition,  published  in  1849,  that  two  of  the  principal 
TtdconoB  of  the  Sandwich  Islands,  Mounts  Loa  and  Kea  in  Owyhee, 
are  huge  flattened  volcanic  cones,  about  1400  feet  high  (see  flg.  640.), 
w;h  equalling  two  and  a  half  Etnas  in  their  dimensions. 

From  the  summits  of  these  lofty  though  featureless  hills,  and  from 
'etita  not  far  below  their  summits,  successive  streams  of  lava,  often 
2  nuka  or  more  in  width,  and  sometimes  26  miles  long,  have  flowed. 
They  have  been  poured  out  one  after  the  other,  some  of  them  in 
Kcent  timee,  in  every  direction  firom  the  apex  of  the  conc^  doiri) 

*  Sfst-of  QeoLiVoLiLp.  lU. 
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slopes  Tarnng  on  &n  average  from  4  degreea  to  B  degrees ;  bat  ia 
Bome  places  conaiderablj  steeper.  Sometunes  deep  lentfl  are  frased 
on  the  sides  of  these  conical  mountains,  which  are  afterwards  filled 
from  above  bj  Btreams  of  lava  passing  over  them,  Hm  liquid  matter 
in  such  cases  consolidating  in  the  fisstuee  and  fmrning  diket. 

The  lateral  crater  of  Eilanea,  ft,  fig.  640.,  is  S970  foet  tbare  the 
level  of  the  sea,  or  aboat  the  same  height  as  Yeanrins.  It  ia  u 
immense  chasm,  1000  feet  deep,  and  its  ottter  oirenit  no  leas  thin 
from  two  to  three  miles  in  diameter.  Lava  is  osnall;  seen  to  IkhI 
Up  at  the  bottom  in  a  lake,  the  level  of  which  alters  continually,  &tt 
the  liquid  rises  and  falls  several  hundred  feet  according  to  tbe 
active  or  quiescent  state  of  the  volcano.  But  instead  of  ovoflowiag 
the  rim  of  the  crater,  as  commonly  happens  in  other  venti^  0» 
column  of  melted  ro4;k,  when  its  pressure  becomes  excesnv^  fbrcea 
a  passage  through  some  snbterranean  galleries  or  i«nta  kadiaf 
towards  the  sea.  Mr.  Coan,  an  American  misatonaiy,  has  dMcribed 
an  eruption  wfaioh  took  place  in  June  1840,  when  the  lava  wkid 
had  risen  high  in  the  great  chasm  b^&n  to  escape  from  iL  lb 
direction  was  first  recognised  by  the  emisaion  of  a  vivid  light  fram 
tbe  bottom  of  an  ancient  wooded  crater,  called  Arare^  400  feet  deep 
and  6  miles  to  the  eastward  of  Klauea.  "Dm  ctmnectitm  of  thia 
light  with  tbe  discbarge  or  taping  o[  the  great  reeervoir  wm 
proved  by  a  change  in  the  level  of  the  lava  in  Eilanea,  which  mik 
gradually  for  three  weeks,  or  until  the  eruption  ceased,  wfaoi  the 
lake  stood  400  feet  lower  than  at  the  commenoementof  tbecatbnak. 
Tbe  pass^^  therefore,  of  the  fluid  matter  from  Eilanea  to  Anie 
was  underground,  and  it  is  supposed  by  Mr.  Coan  to  have  bees  H 
its  first  outflow  1000  feet  deep  below  the  surface.  The  ueit 
indication  of  the  subterranean  progress  of  the  same  lava  wv 
observed  a  mile  or  two  from  Ararc^  where  the  fiery  flood  broke  obC 
and  spread  itself  superficially  over  60  acres  of  land,  and  then  sgiin 
found  its  way  underground  for  several  miles  farther  towards  the 
sea,  to  reappear  at  the  bottom  of  a  second  ancient  and  wooded 
crater,  which  it  partly  filled  np.  The  conrse  of  the  fluid  tbcn 
became  again  invisible  for  several  miles,  until  it  broke  out  for  the 
last  time  at  a  point  asoertained  by  Ci^itaiti  Wilkee  to  be  1244  M 
above  tbe  sea,  and  27  miles  distant  from  Kilanea.  Fnxn  thence  it 
ponred  along  for  12  miles  in  the  open  air,  and  then  ]mft  oni 
a  cliff  SO  feet  high,  and  ran  for  tluree  weeks  into  tiie  sea.  Its 
termination  was  at  a  place  about  40  milee  distant  from  Eiliaea. 
The  crust  of  the  earth  overlying  tbe  subtarranean  oourse  of  tbe  lava 
was  often  traversed  by  innumerable  fisanres,  which  emitted  steam, 
and  in  some  places  the  incumbent  rocks  were  uplifted  20  or  30  feet. 
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Tbns  in  the  same  volcano  examples  are  affbrded  of  die  overflowing 
of  Iftva  from  the  Enmmit  of  a  cone  2ji  mileB  Ugh,  and  of  the  nnder- 
flowing  of  melted  matter.  Whether  thJi  last  has  formed  sheets 
intercalated  between  the  stratified  prodncts  of  prorious  empticoiB, 
or  whether  it  has  penetrated  throngh  oblique  or  vertical  fissures, 
cumot  be  determined.  In  one  instance,  however,  for  a  certain 
space,  it  ia  Mad  to  have  spread  latenUI;,  uplifting  the  incumbent 

The  aimezed  section  of  the  crater  of  ffilanea,  as  given  hf 
Hr.  Dana,  follows  the  line  of  its  shorter  diameter,  a,  b,  which  is 


Q 


£] 


S«tiiiDiiribtRUerorKtl«ii«lnthaSiDit*leh  Ukiidi.    (Diu.) 
■.j^/.W.  WMkMo-  (.*.Lak*(rftnfc 

about  7500  feet  long.  The  boundary  eliffs,  a,  e  and  i,  <^  are  fw  the 
moat  part  quite  vertical  and  660  feet  high.  They  are  composed  of 
compact  rock  in  lajera,  not  divided  hj  scoria,  some  a  iew  inches, 
others  30  feet  in  thickness,  and  nearly  horisontal.  Below  thi^  we 
ooine  to  irtiBt  is  oaUed  the  "  black  ledge,"  e,  t  and  /,  d,  composed  of 
similar  stratified  materials.  This  ledge  is  842  feet  in  height  above 
the  lake  of  lava,  g,  k,  which  it  encirdes.  The  (diasm,  a,  b,  and  its 
walls  halve  probably  been  doe  to  a  former  sinking  dovn  of  the 
inenmbent  rooks,  undermined  for  a  space  hj  &.e  Vision  of  their 
foundations.  The  lower  ledge,  e,  e  and  /,  d,  may  consist  in  part  of 
the  mass  which  suik  vertically,  but  part  of  it  at  least  most  be  made 
up  of  layers  of  lava,  which  have  been  seen  to  poor  one  after  the 
other  over  the  "black  ledge."  If  at  any  futore  period  the  heated 
fluid,  ascending  from  the  volcanic  focus  to  the  bottom  of  the  great 
chasm,  shonld  augment  in  volume,  and,  before  it  can  obtain  relief^ 
sboold  spread  itself  eubtarraneously,  it  may  melt  still  ^rther  the 
subjacent  masses,  and,  causing  a  failure  of  support,  may  enlai^  still 
more  the  limits  of  the  amphitheatre  of  Kilauea.  There  are  distinct 
signs  of  Bubsidences,  from  100  to  200  feet  perpendicular,  which 
have  occurred  in  the  neighbonrhood  of  Kilanea  at  various  points, 
and  they  are  each  bounded  by  verttoal  walls.  If  all  of  them  were 
nnited,  they  would  constitDte  a  sunken  area  equal  to  eight  square 
miles,  or  twice  the  extent  of  Kilauea  itself.  Similar  accidents  are 
also  likely  to  occur  near  the  summit  of  a  dome  like  Monnt  Loa,  for 
the  hydrostatio  pressure  of  the  lava,  after  it  has  risen  to  the  edge  or 
lip  of  the  highest  crater,  a,  fig.  640.,  mast  be  great  and  most  creat« 
a  tendency  to  lateral  fissuring,  in  which  case  lava  will  be  injected 
into  every  opening,  and  may  begin  to  nndermine.  If,  then,  some  of 
the  melted  matter  be  drawn  off  by  escaping  at  a  lower  level,  where 


,i^,Coo<^lc 


496     BXTEBN&L  FOBM,  8IBDCIUBE,  AND  OBIQIH      [C^  UXX. 

the  pressure  woald  be  Btill  greater,  the  whole  top  of  the  monDtsia, 
or  a  l&rge  part  of  it,  might  fkll  in. 

Inatajicea  of  such  truncatioDS,  however  caused,  have  occurred  in 
Java  and  in  the  Andes  within  the  times  of  hisloiy,  and  to  such  events 
we  maj  perhaps  refer  a  veiy  common  feature  in  the  configuration  of 
volcanic  moaatain^  —  namely,  that  the  present  active  cone  of  erup- 
tion is  surrounded  by  the  ruins  of  a  larger  and  older  con^  usoallf 
presenting  a  crescent-shaped  precipice  towards  the  newer  oone.  la 
TolcanoB  long  since  extinct,  the  erosive  power  of  running  water,  or, 
in  certain  cases,  of  the  sea,  maj  have  greatly  modified  the  ah^te  i^ 
the  "  atrium,"  or  space  between  tlie  older  and  newer  con^  and  the 
cavity  maj  thereby  be  prolonged  downwards,  and  end  in  a  raviae. 
In  each  cases  it  may  be  impossible  to  determine  how  much  of  tbe 
missing  rocks  hss  been  removed  by  explosion  at  the  time  when 
the  original  crater  was  active,  or  how  much  by  subsequent  eognlph- 
ment  and  denudation. 

Java.  —  One  of  the  latest  contributioas  to  our  knowledge  of  vol- 
canos  will  be  found  in  Dr.  Jonghuhn's  work  on  Java,  wlwre  fertj- 
six  conical  eminences  of  volcanic  origin,  varying  in  devatiw  from 
4000  to  nearly  12,000  feet  above  the  sea,  consticute  the  highest 
peaks  of  a  mountain  range,  running  through  the  island  from  east  to 
west.  All  of  them,  with  one  exception,  did  this  indefatigable  tnvtlkr 
survey  and  map.  Lt  none  of  them  could  he  discover  any  msrioe 
remains,  whether  adhering  to  their  flanks  or  entering  into  their  in- 
ternal structure,  although  strata  of  marine  origin  are  met  with 
nearer  the  sea  at  lower  levels.  Dr.  Junghuhn  ascribes  the  origin  of 
each  volcano  to  a  succession  of  subaerial  emptdons  £rom  one  or  nuse 
central  vents,  whence  scoris,  pumice,  and  fragmenta  of  rock  woe 
thrown  out,  and  whence  have  flowed  streams  of  trachytic  or  bssiltie 
lava.  Snob  overflowings  have  been  witnessed  in  modem  times  from 
the  highest  summits  of  several  of  the  peaks.  Tie  exteniBl  sli^  <^ 
each  cone  is  generally  greatest  near  its  ^»ex,  where  the  voleamc 
strata  have  also  the  steepest  dip,  sometimee  attaining  angles  cf  30, 
30,  and  95  d^reea,  but  becoming  less  and  less  inclined  as  they  recede 
fVom  the  summit,  until,  near  tbeir  base,  the  dip  is  reduced  to  10  ssd 
often  4  or  6  d^rees.*  The  interference  of  the  lavas  of  ttijmmog 
volcanos  sometimes  produces  elevated  platforms,  or  "saddlM,"  in 
which  the  layers  of  rock  may  be  very  slightly  inclined.  At  the  t(f> 
of  many  of  the  loftiest  mountains  tbe  active  cone  and  crater  tit 
of  snudl  size,  and  surrounded  by  a  plain  of  ashes  and  sand,  this 
plain  being  encircled  in  its  turn  by  what  Dr.  Junghuhn  cills  "t^iB 
old  crater-wsll,"  which  is  often  1000  feet  and  more  in  vertical  boghL 
There  is  sometimes  a  terrace  of  intermediate  height  (as  in  the  moan- 
tun  called  Tengger),  comparable  to  the  "black  ledge"  of  IQlaoes 
(flg.  641).  Host  of  the  ^aces  thus  bounded  by  aemiciicular  or  moR 
than  semidrcular  ranges  of  cli&s  are  vastly  superior  in  dimsnsiona  to 
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the  are>  of  aaj  knoim  crater  or  hollow  which  hu  been  obeerred  in 
anj  part  of  the  world  to  be  occapied  bj  a  lake  of  liqnid  lava.  As 
the  Spaniards  have  giren  to  anch  large  cavities  the  name  of  Caldera 
(or  ODldiOD),  it  ma^  be  aeefal  to  use  this  term  in  a  technical  sens^ 
whatevw  TiewB  we  inay  entertain  aa  to  their  origin.  Many  of  them 
io  Java  are  no  lew  than  four  geographical  milee  in  diameter,  and  they 
are  attributed  by  Junghuhn  to  the  tmncation  bj  ezploeion  and  rob- 
ridence  of  ancient  cones  of  eruption.  Unfbrtanately,  although  Beveral 
lofty-  cones  hare  lost  a  portion  of  their  height  within  the  memory  of 
man,  neither  the  inhabitants  of  Java  nor  their  Dntoh  rulers  have 
transmitted  to  as  any  reliable  accounts  of  the  order  of  events  which 
occurred." 

Dr.  Jnnghnhn  belioTea  that  Fapandayang  lost  some  portion  of  its 
snmmit  in  1772  ;  but  affirms  that  tnost  of  the  towns  on  its  sides  said 
to  have  been  engnlphed  were  in  reality  overflowed  by  lava, 

From  the  highest  parts  of  many  Jaraneie  eaidenu  rivers  flow, 
which  in  the  course  of  ages  have  cut  out  deep  valleys  in  the  moon- 
tain's  side.  As  a  general  role,  the  eater  dopes  of  each  cone  are 
farrowed  by  straight  and  narrow  ravines  from  200  to  600  f^t  deep, 
radiating  in  all  directioua  from  the  top,  and  increasing  in  number  as 
we  descend  to  lower  zones.  The  ridges  or  "ribs,"  intervening  be- 
tween these  furrows,  are  very  conspicuous,  and  compared  to  the 
spokes  of  an  umbrella.  In  a  mountain  above  10,000  feet  high,  no 
farrows  or  intervening  ribs  are  met  with  in  the  npper  800  or  400 
feet.  At  the  height  of  10,000  feet  there  may  be  no  more  than  10  in 
nomber,  whereas  500  feet  lower  32  of  them  may  be  counted.  They 
are  all  ascribed  to  the  action  of  runoing  water ;  and  if  they  ever  cut 
throogh  the  rim  of  a  caldera,  it  is  only  because  the  cone  has  been 
tnmeated  so  low  down  as  to  cause  the  summit  to  intersect  a  middle 
region,  where  the  torrents  once  exerted  sufficient  power  to  cause  a 
series  of  such  indentations.  It  appears  &om  such  facts,  that,  if  a  cone 
escapes  destruction  by  exjdosion  or  engnlphment,  it  may  remain  un- 
injured in  its  upper  portion,  while  there  is  time  for  the  excavation 
of  deep  ravines  by  lateral  torrents. 

It  is  remarked  by  Dr.  Junghuhn,  as  also  by  Mr.  Dana  in  regard  to 
the  Paciflc  Islands,  that  volcanic  mountains,  however  large  and 
however  much  exposed  to  heavy  falls  of  nun,  support  no  rivers  so 
long  as  they  are  in  the  process  of  growth,  or  while  the  highest 
crater  emits  &om  time  to  time  showers  of  scorin  and  floods  of  lava. 
Such  ^ectamenta  and  such  carrente  of  melted  r«ck  fill  np  each 
superficial  inequality  or  depression  where  water  might  otherwise 
delect,  and  are  moreover  so  porous  that  no  rill  ef  water,  however 
small,  can  be  generated.  But  where  the  subterranean  fires  have  been 
long  since  spent,  or  are  nearly  exhausted,  and  where  the  superfleial 
Bcoriis  and  lavas  decompose  and  bec(»ne  covered  with  clayey  seals, 
the  corronve  action  of  water  bepna  to  operate  wiA  a  prodigieos 
force,  proportionate  to  the  steepness  of  the  declivities  and  the  in- 
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coherent  nfttare  of  the  und  and  Mhes.  Even  the  more  >olid  Ibtm 
are  occaaionaUj  cavenumR,  uid  ■Imost  alwajg  alternate  with  soorift 
and  peruhable  tnffi^  m  aa  to  be  readUf  Dndermiiied,  and  moat  of 
them  are  speedily  reduced  to  fragments  of  a  tnuuportable  aue  be- 
canse  they  are  divided  by  vertical  joints  or  split  into  colnmns. 

Canary  liltaidi — Palma, — Ihave  enlarged  so  fnily  in  the  "Prin- 
ciples  of  Geology"  on  the  differait  views  entertained  l^  eminent 
aathoritJea  respecting  the  orifin  of  volcanic  cones,  and  the  laws 
governing  the  flow  of  lava,  and  its  consolidation,  that,  in  orier  not 
to  repeat  here  what  I  have  elsewhere  published,  I  shall  ctHifine 
myself  in  the  remainder  of  this  chapter  to  the  description  of  hOa 
observed  by  me  during  a  recent  exploration  of  Madora  and  some  c^ 
the  Canary  Islands.  In  these  excursions,  made  in  the  winter  of 
1863-4,  I  was  accompanied  by  an  active  fellow-labourer,  Ur.  Har- 
tnng,  of  Konigsberg.  We  virated  among  other  places  the  beaatifol 
island  of  Palma,  a  spot  rendered  classical  by  the  description  given  of 
it  in  1S2S  by  the  late  Leopold  Von  Bach,  who  regarded  it  as  a  tjft 
of  what  he  called  a  "crater  of  elevatioD."' 

Palma  is  16  geographical  miles  west  of  Tenerifie.  Seen  from  the 
channel  which  divides  tin  tva 
islands,  Palma  appears  to  coDsist 
of  two  principal  mountain  mHsn, 
the  depression  between  then 
being  at  a  (map,  fig.  642.),  or  at 
the  pass  of  Tacanda,  which  is 
about  4600  feet  above  the  ks- 
leveL  The  most  nortbeni  of 
these  masses  makes,  notwitli' 
standing  certain  irregnlariliea 
hereafter  to  be  mentioned,  a  eon- 
siderable  approach  in  genertl 
form  to  a  great  trancated  cose, 
having  in  the  centre  a  huge  sod 
deep  cavity  called  by  the  inha- 
bitants "  La  Caldent"  This  <*- 
at^..  J-»«"««»*w  vity  (6,  (S  t^  «V  fig-  642.)  in  fioffl 

3  to  4  ce<Ncraphical  miles  in  <lis> 
».,.i™.v»«.*.™,«  w  ™.i».  ^^^_  '^  the  ™ge  of  F~- 
pices  surrounding  it  vary  irom  aboat  1500  to  2500  feet  in  verticsl 
height.  From  their  base  a  steep  slope,  clothed  by  a  splendid  fo«« 
of  pines,  descends  for  a  thousand  and  sometimes  two  thonsand  feet 
lower,  the  centre  of  the  Caldera  being  about  2000  feet  above  the  sea. 
The  northern  half  of  the  encircling  ridge  is  more  than  7O00  English 
feet  above  the  sea  in  its  highest  peaks,  and  is  annoally  white  irilh 
snow  during  the  trintcr  months. 

Externally  the  flanks  of  this  truncated  cone  incline  ontwardi  is 
every  direction,  the  slopes  being  steepest  near  the  cieet,  and  levaug 
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as  thej  approach  the  lower  conDtry.  A  great  number  of  ravines 
commence  on  the  flanks  of  the  monntun,  a  short  distance  below  the 
sommit,  shallow  at  firBt,  but  gettii^  deeper  as  they  descend,  and 
becoming  at  the  same  time  more  numeroua,  as  in  the  cones  of  Java 
before  mentitwed. 

So  onbroken  is  the  precipitouB  boundary-wall  of  the  Caldera, 
except  at  its  south-eastern  end,  where  the  toirent  which  drains  it 
through  a  deep  gorge  (&,  b',  fig.  643.)  issues,  that  there  ia  not  even  a 
footpath  hy  which  one  can  descend  into  it  save  at  one  place  called 
the  Ciunbrecito  (e,  map,  fig.  642.  p.  498.).  This  Cumbrecito  is  a 
narrow  col  or  watershed  at  the  height  of  about  2000  feet  above  the 
bottom  of  the  Caldera,  and  4000  above  the  sea,  and  situated  at  the 
precise  limit  of  two  geological  formations  presently  to  be  mentioned. 
This  eol  also  occurs  at  the  level  where,  in  other  parts  of  the  Caldent, 
the  vertic^  precipices  join  the  talus-like,  rocky  elope,  covered  with 
pines.     Tbe  other  or  principal  entrance  hj  which  the  C&ldera  is 
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drained  ii  the  great  ravine  or  barraneo,  as  it  is  called  (see  6,  b',  Sg. 
643.),  which  extends  from  the  south-westem  extremitj  of  the  Cal- 
den  to  the  sea,  a  distance  of  4^  geographical  miles,  in  which  space 
the  water  of  the  torrent  Ma  about  1500  feeL 


VlevofUHlilaorFtfB 

This  sketch  was  taken  hj  Yon  Bach  Irom  a  point  at  tea  not 
visited  bj  ns,  but  we  saw  enough  to  convince  us  that  sereral  Istoil 
cones  ought  to  have  been  introduced  on  the  great  slope  to  the  1^ 
besides  numerous  deep  furrows  radiating  from  near  the  snnunit  to  the 
sea  (see  the  map,  fig.  643.).  The  sea  does  not  enter  the  grest 
B&rranco,  as  might  be  inferred  from  this  sketch. 

The  annexed  section  (fig.  645.)  passes  through  the  island  bim 
Santa  Cruz  de  Palma  to  Briera  Point,  or  from  south-east  to  noftk- 
west  (see  map,  p.  498.).  It  has  been  drawn  up  on  a  tme  ks1« 
of  heights  and  horizontal  distances  from  the  obeervati<»u  of 
Mr.  Hsrtung  and  taj  own. 


rtW^JIWfiii  mil  u^M      -  • 


%.  p.  HdHxirled  code  isd  ciua  of  Su  Pnlro. 

The  lavas  are  seen  to  be  slightly  inclined  near  the  sea  at  Saalt 
Crui,  where  we  observed  them  flowing  round  the  cone  of  San  PeM 
which  they  have  more  than  half  buried  without  entering  the  crater. 
On  starting  from  the  same  part  of  the  sea-coast,  and  ascending  the 
deep  Barraneo  de  la  Madera,  we  saw  just  below  e  the  basaltic  U«» 
dipping  at  an  angle  of  5  degrees,  there  being  no  dikes  in  that  region. 
Farther  up,  where  the  dikes  were  still  scarce  the  dip  of  the  Mi 
increases  to  10  and  15  degrees,  and  they  become  still  steeper  as  they 
approach  the  Cajdera  at  b,  where  dikes  abomnd. 
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The  sectioD  (fig.  646.)  is  at  right  angles  to  the  preceding,  ud  laM 
throngh  the  cone  in  the  direction  of  tiie  great  Bamaco^  or  fnm 
north-east  to  sonth-weet. 

The  lowest  of  the  two  slanting  lines,  m,  i,  descending  from  Hie 
Caldera  to  the  sea  along  the  bottom  of  the  Barranco,  reprtaenta  the 
present  bed  of  the  torrent ;  the  npper  line,  k,  I,  ihe  height  at  which 
beds  of  gravel,  elerated  high  aboTe  the  present  river-channd,  ire 
visible  in  detached  patches,  shown  b^  dotted  spaces  at  i,  and  to  tbe 
south-west  of  it,  on  the  same  slope.  These,  and  the  continuou 
stratified  gravel  and  conglomerate  lower  down  at  /  and  i,  are  nerer 
than  all  the  volcanic  rocks  seen  in  this  section. 

The  upper  volcanic  formation,  to  be  described  in  the  eeqnel,  ii 
traversed  by  nnmerpus  dikes,  which  conld  not  be  expressed  on  Itiis 
small  scale.  The  vertical  lines  in  the  lower  formation  tqncsent  i 
few  of  the  perpendicular  dikes  which  aboond  there.  Coantka 
others,  inclined  and  tortuous,  are  found  peneh^ting  the  same  rocka 
The  five  outliers  of  somewhat  pyramidal  shape,  at  the  bottom  of  th« 
Caldera  (on  each  side  of  m),  agree  in  structure  and  compoailifHiiritl 
the  upper  formation,  and  may  have  subsided  into  their  pmat 
position,  if  the  Caldera  was  cansed  by  engulphment,  or  may  have  ilU 
down  in  the  form  of  land-slips,  if  the  cavity  be  attributed  chiefly  t» 
aqueous  erosion. 

In  the  description  above  given  of  the  section  (fig.  646.^  the  (£ft 
which  wall  in  the  Caldera  are  spoken  of  as  conrasting  of  two  fimis- 
tions.  Of  these  the  uppermost  alone  gives  rise  to  vertical  predpica, 
from  the  base  of  which  the  lower  descends  in  steep  slopes,  whi^ 
although  they  have  the  external  aspect  of  talnses,  are  not  in  &et 
made  up  of  broken  materials,  or  of  mins  detached  from  the  hi^er 
rocks,  but  consist  of  rocks  in  place.  Both  formations  are  of  volouiic 
origin,  but  they  differ  in  compositioa  and  structure.  In  the  oppff. 
the  beds  consist  of  agglomerate,  scoriffl,  lapilli,  and  lava,  chieHy 
basaltic,  the  whole  dipping  ontwards,  as  if  from  the  axis  of  the 
original  cone,  at  angles  varying  from  10  to  28  degrees.  The  solid 
lavas  do  not  constitute  more  than  a  fourth  of  the  entire  max, 
and  are  divided  into  beds  of  very  variable  thickness,  some  sooriaeeons 
and  vesicular,  others  more  compact,  and  even  in  some  cases  mdely 
columnar.  AH  these  more  stony  masses  are  seen  to  thin  ont  ud 
come  to  an  end  wherever  they  can  be  traced  horiinntally  for  a 
distance  of  a  quarter  of  a  mile,  and  usnally  sooner.  Coarse  brecdts 
or  agglomerates  predominate  in  the  lower  part,  as  if  the  commence- 
ment of  the  second  series  of  rocks  marked  an  era  of  violent  gueam 
explosions.  Single  beds  of  this  aggregate  of  angular  stonee  and 
Bcorite  attain  a  thickness  of  from  200  to  300  feet.  Hiey  are  mtited 
together  by  a  paste  of  volcanic  dust  or  spongiform  bochisb. 

At  one  point  on  the  right  aide  of  the  great  Barranco,  near  its 
exit  from  the  Caldera,  we  observed  in  the  boundary  precijuce  a  lofty 
column  of  amorphous  and  scoriaceous  rock  in  which  the  red  or  rust- 
coloured  Bcorite  are  as  twisted  and  ropy  as  any  to  be  seen  on  the 
slopes  of  Teauvius  ;  seeming  to  imply  that  there  was  here  an  andent 
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vent  or  channel  of  disch&rge  subsequeDtly  buried  under  the  prodncte 
of  newer  erapdoas.  Countless  dikes,  more  or  less  vertical,  consisting 
chiefly  of  bualtdo  lava,  traverse  the  waUs  of  the  Caldera,  some  of 
them  terminating  upwards,  but  a  great  number  reaching  the  vary 
crest  of  the  ridge,  and  therefore  having  been  posterior  in  origin  to 
the  whole  precipice. 

We  conld  not  discover  in  anj  one  of  the  fallen  masses  of  a^lo- 
msrate  which  strewed  the  base  of  the  cli&  a  single  pebble  or 
waterwom  fragment  Each  imbedded  stone  is  either  angular  or, 
if  globular,  consists  of  sccvin  more  or  less  spongy,  and  evidently  sot 
owing  its  shape  to  attrition.  It  would  be  impossible  to  account  for 
the  absence  of  waterwom  pebbles  if  the  coarse  breccia  in  question 
bad  been  spread  by  aqueous  agency  over  a  horizontal  area  co- 
eztettsive  with  the  CalderK  and  the  volcanic  rocks  which  surround 
iL  The  only  cause  known  to  us  capable  of  dispersing  such  heavy 
Gragments,  some  of  them  3, 4,  or  6  feet  in  diameter,  without  blunting 
Uieir  edges  1b  the  power  of  steam,  unless  indeed  we  could  suppose 
.hat  ice  had  co-operated  with  water  in  motion ;  and  the  interferenoe 
if  ice  cannot  be  suspected  in  this  latitude  (28°  40^  especially  as  I 
Aoked  in  vain  for  signs  of  glacial  action  here  and  in  the  other 
nonntainous  rc^ons  of  the  Canary  Islands. 

The  lower  fcvmation  of  the  Caldera  ie^  as  before  stated,  equally  of 
gneous  origin.  It  diflera  in  its  prevailing  oolont  from  the  upper, 
exhibiting  a  tea-green  and  in  puts  a  light  yellow  tint,  instead  of 
iia  usual  brown,  kad-ooloured,  or  reddish  hues  of  basalt  and  its 
UBOciated  scorin.  Beds  of  a  light  greenish  tuff  are  common, 
tigetber  with  tiachytio  and  greenstone  rocks,  the  whole  so  reti- 
lulated  by  dikes,  some  vertical,  others  oblique,  others  tortuous,  that 
-re  found  it  Imposeible  to  determtoe  the  general  dip  of  the  beds, 
although  at  the  head  of  the  great  gorge  or  Bsirsnco  they  certainly 
tip  outwards,  or  to  the  south,  as  stated  by  Yon  Bucb.  But  in 
bUowing  the  section  down  the  same  ravine,  where  the  mountain 
■aUed  Alejanado  (d,  flgs.  pp.  498.  and  501.)  is  cut  through,  and  where 
die  rocks  of  the  lower  formation  are  very  crystalline,  we  found  what 
a  Dot  alluded  to  I^  the  Prussian  geolt^st,  that  the  beds  exposed 
n  view  in  clifib  1500  feet  high  have  an  anticlinal  arrangement, 
txhibiting  first  a  southerly  and  then  a  northerly  dip  at  angles 
rarying  from  20  to  40  decrees  (see  section,  fig.  646.  at  A.).  Hence  we 
laaj  presume  that  the  older  strata  most  have  undergone  great 
moTMoeuta  before  the  npper  formation  was  superimposed.  No 
OTguiic  remains  having  been  discovered  in  the  older  series,  we 
cauDot  positively  decide  whether  it  was  of  subaerial  or  submarine 
origin.  We  can  only  affirm  that  it  has  been  produced  by  successive 
eroptioiu,  chiefiy  of  feUpathic  lavas  and  tuffs.  Many  beds  which 
probably  consisted  at  first  of  soft  tuffs  have  been  much  hardened  by 
the  contact  of  dikes  and  apparently  much  altered  by  other  plutonic 
inflneiices,  so  that  they  have  acquired  a  semicrystaUine  and  almost 
metamorphic  character. 

The  ezi^nce  of  so  great  a  mass  of  vDlcanic  rocks  of  anoieut  date 
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ou  the  exftct  site  of  ui  eqosllj  yut  Bccomalation  of  compsrmtively 
modern  lavas  and  Bcoriffi  is  peculi&rly  worthy  of  notice  u  a  general 
phenomenon  obeerred  in  very  different  parts  of  the  globe.  It  prtrres 
that,  notwithstanding  the  fkct  in  the  past  history  of  Toloutoe  that 
one  region  after  another  has  been  for  ages  and  hae  then  ceased  to  be 
the  chief  theatre  of  igneoas  action,  still  the  activity  of  subterranean 
heat  may  often  be  persistent  for  more  than  one  geological  period  in 
the  same  place,  relaxing  perhaps  its  enei^es  for  a  while,  but  then 
breaking  out  afre^  with  aa  intensity  as  great  as  ever. 

We  have  still  to  consider  the  mode  of  origin  of  the  higher  volcanic 
mass,  or  the  upper  series  of  rocks  with  which  the  peculiar  form  of 
the  Caldera  is  more  intimately  connected.  The  principal  question 
here  arising  is  this,  whether  the  mass  was  dome-shaped  from  the  be- 
ginning,  having  grown  by  the  superpositiwi  of  one  conical  envelope 
of  lava  and  adiea  formed  over  another,  or  whether,  as  Ton  Buoh 
and  his  followers  imagine,  Its  component  materiab  were  Brst  spread 
out  in  hoiisontal  or  nearly  horizont^  deposits  and  then  upheaved  at 
once  into  a  dome-stu^Md  monntain  with  a  caldera  in  its  centre. 
According  to  the  first  hypothesis  the  cone  was  built  up  gradually, 
and  completed  with  all  its  beds  dipping  as  now,  and  traversed  by  all 
its  dikes,  before  the  Caldera  originated.  According  to  the  other, 
the  Caldera  was  the  result  of  the  same  movements  which  gave  a 
dome-shaped  stmotnre  to  the  mass,  and  which  caused  the  beds  to  be 
highly  inclined;  in  other  words,  the  cone  and  the  Caldera  wen 
produced  rimoltaneously.  So  singnlariy  opposite  are  these  viewf 
that  the  principal  agency  introduced  by  the  one  tiieoiy  is  nphearal 
by  the  other  snbsidence.  The  very  name  of  "  Elevation  Graters ' 
points  to  the  kind  of  movement  te  which  one  school  attributes  tht 
origin  of  a  cone  and  caldera ;  whereas  the  chief  agencies  mppeiiec 
to  by  the  other  school  are  gaseoos  explosions,  eDgolpbrnai^  anc 
aqueous  denudation. 

The  favourable  reception  of  the  doctrine  of  upheaval  has  sriset 
from  the  following  circumstances.  Streams  of  lava,  it  is  sud 
which  run  down  a  declivity  of  more  than  three  degrees  are  nevei 
steny }  and,  if  the  slope  exceed  five  or  six  degrees,  they  are  mere 
shallow  and  narrow  strings  of  vesicular  or  fragmentary  sl^. 
Whenever,  therefore,  we  find  parallel  layers  of  stony  Java,  espedally 
if  they  be  of  some  thickness,  h^h  up  in  the  walls  of  a  caldera,  wa 
may  be  sure  that  they  were  soUdified  originally  on  a  very  gentle 
slope  s  and  if  they  are  now  inclined  at  anglea  of  10°,  20",  or  30", 
not  only  they,  but  all  the  interstratified  beds  of  lajHlli,  scoris,  tn^ 
and  agglomerate,  must  have  been  at  first  nearly  flat  and  most  hare 
been  afterwards  lifted  up  with  the  solid  beds  into  their  ^naeat 
position.  It  is  supposed  that  snch  a  derangement  of  the  etnia  coold 
scarcely  fail  to  give  rise  to  a  wide  opening  near  the  centre  of 
upheaval,  and  in  the  case  of  ^Ima,  the  Caldera  (which  Too  Bach 
called  "the  hollow  axis  of  the  cone")  may  represent  this  breach 
of  continuity. 

Among    other    objections  to  the  elevation-crater  theory  oAeu 
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advMiced  and  never  yet  answered  are  the  following : -~  Fin^  in 
moat  calderas,  as  in  Palma,  the  rim  of  the  great  cavity  and  the 
circnl&r  range  of  precipices  Burrounding  it  remain  entire  and 
unbroken  on  three  sidee,  whereas  it  is  difficult  to  conceive  that  a 
series  of  yolcanic  strata  2000  or  3000  feet  thick  conld  have  oncA 
extended  over  an  area  six  or  seven  miles  in  its  ehorteet  diameter 
and  then  have  been  upraised  bodUy ,  eo  th&t  the  beds  should  dip  at 
steep  angles  towards  all  points  of  the  compass  from  a  centre,  and 
jet  that  no  great  iractures  should  have  been  produced.  We  attoald 
expect  to  see  B(»ae  open  fissures  on  every  side,  widening  as  they 
approach  the  caldera.  Ilie  dikes,  it  is  true,  do  undoubtedly  attest 
many  dislooationa  of  the  mass,  which  have  taken  place  at  successive 
and  ottaa  distant  periods.  But  noae  of  them  can  have  belonged  to 
the  supposed  period  of  terminal  and  paroxysmal  upheaval,  for,  had 
the  caldera  existed  when  they  originated,  the  melted  matter  now 
BoBdified  in  each  dike  must,  instead  of  filling  a  rent^  have  flowed 
down  into  the  caldera,  tending  so  far  to  obliterate  the  great  cavity. 

The  second  objection  is  the  impossibility  of  imagining  that  so  vast 
a  series  of  agglomerates,  tufis,  stratified  lapilli,  and  highly  scoria- 
ceous  lavas  could  have  been  poured  out  within  a  limited  area  without 
floon  giving  rise  to  a  hill,  and  eventually  to  a  lofty  monnttun.  Such 
beavy  angular  fragments  as  are  seen  in  the  agglomerates,  ungle  beds 
of  which  are  sometimes  200  or  300  feet  thick,  must  when  hurled 
into  the  air  have  fallen  down  again  near  the  vent,  and  would  be 
anaoged  in  inclined  layers  dipping  ontwards  from  the  central  axis 
of  eruption.  It  is  in  perfect  accordance  with  this  hjpotbeus  that  we 
should  behold  agglomerates,  lapilli,  and  scorin  predominating  in  the 
walla  of  the  Caldera  t  whereas  in  the  ravines  nearer  the  sea,  where 
the  incUnatJon  of  the  beds  has  diminished  to  10  and  even  to  S 
degreee,  the  proportion  of  stony  as  compared  to  fragmentary  ma- 
terials is  precisely  reversed.  It  is  also  natural  that  the  dikes  ^ould 
be  most  numerous  where  the  ejectamenta  are  to  the  more  solid  beds 
in  the  proportion  of  3  to  1,  as  at  (,  fig.  6iS.  p.  £00. ;  while  the  dikes 
aro  few  in  number  where  the  stony  lavas  predominate  (as  at  c,  ibid,). 
Many  of  the  sctHiaeeous  beds  at  b  may  be  the  upper  extremities  of 
cnrrenta  which  became  stony  and  compact  when  they  reached  c, 
and  flowed  over  a  more  level  country;  but  this  Buggeetion  cannot 
be  sasentad  to  by  the  advocates  of  the  upheaval  theory,  for  it  assumes 
the  existence  of  a  cooe  long  before  the  time  had  arrived  for  the 
cataatrophe  which  according  to  their  views  gave  rise  to  a  conical 
moiuttaiB. 

J£,  however,  we  reject  the  doctrine  that  the  beds  were  tilted  by  a 
movement  posterior  to  the  accumulation  of  all  the  compact  and  frag- 
mentary rocks,  how  are  we  to  account  for  the  steepness  of  the  dip  of 
some  atony  lavas  high  up  in  the  walls  of  the  Caldera  7  These  masses 
are  occasionally  BO  or  100  feet  thick,  of  lenticular  shape,  as  seen  in 
the  clifb  from  below,  and  to  all  appearance  parallel  to  the  associated 
layers  of  scoris  and  lapilli.  But  unfortunately  no  one  can  climb  up 
and  determine  how  far  the  supposed  parallelism  may  be  deceptive. 
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The  solid  beds  extend  in  general  over  small  faorizontal  spacei,  tod 
some  of  them  m&j  possibly  be  no  other  than  intrueiTe  laru,  ia  (he 
nature  of  dikes,  more  or  lees  parallel  to  the  lajan  of  ejectameiitt. 
Such  lavas,  when  the  crater  was  fall,  maj  have  forced  theb  wif 
between  highly  inclined  beds  of  Bcorin  uid  la{)ilU.  We  kncnr  tbil 
lava  often  breaks  oat  from  the  side  or  base  of  a  cone,  iostetd  of 
rising  to  the  rim  of  the  crat«r.  Nevertheless  one  or  two  of  the  itmj 
masses  alluded  to  seemed  to  me  to  reeemble  lavas  which  had  flowed 
out  superficially.  They  may  have  solidified  on  a  broad  ledge  fonaed 
by  the  rim  of  a  crater.  Such  a  rim  might  be  of  considerable  braultli 
after  a  partial  truncation  of  the  cone.  And  Bome  htvas  may  noir 
and  then  have  entirely  filled  up  the  atrittm,  or  what  in  the  case  of 
Somma  and  Yesuvius  ia  called  the  atrio  <kl  eavallo,  that  is  to  19, 
the  interspace  between  the  old  and  new  cone.  When  by  the  pnidaeta 
of  newemptionsanniform  slope  has  been  restored,  and  thetnocones 
have  blended  into  one  (see  e,  d,  c,  fig.,  p.  S\i.\  ibe  next  breaking  down 
of  the  side  of  the  mountain  may  display  a  mass  of  compact  rock  of 
great  thickness  in  the  walls  of  a  caldera,  resting  upon  and  ooveKd 
by  ^ectamenta.  Other  extensive  we4lge8  of  aoUd  lava  will  be 
fbnned  on  the  flanks  of  every  volcanic  moontain  by  the  interference 
of  lateral,  or,  as  they  are  often  termed,  parasitic  cones,  which  check 
or  stop  the  downward  flow  of  lava,  and  ocoamonally  offar  deep  cnUers 
into  which  the  melted  matter  is  poured. 

By  aid  of  one  or  all  the  processes  above  ennmerated  we  may 
certainly  explain  a  few  exceptional  cases  of  Intercalated  atony  bed], 
in  the  midst  of  others  of  a  loose  and  scoriaceous  nature,  ths  whde 
being  highly  inclined.  But  to  account  for  a  snccessitm  of  campict 
and  truly  parallel  lavas  having  a  steep  dip,  we  may  suppose  that  tbf^ 
flowed  originally  down  the  flanks  of  a  cone  sloping  at  angles  mT  Ckoi 
4  to  10  degrees,  as  in  many  active  volcanos,  and  that  they  aoqniied 
subsequently  a  steeper  inclination.  It  would  be  rash  to  assume  the 
entire  absence  of  local  disturbances  during  the  growth  of  a  vokanic 
mountain.  Some  dikes  are  seen  crossing  others  of  a  difiereut  com- 
position, marking  a  distinctness  in  the  periods  of  their  origin.  Hie 
volume  of  rock  filling  such  a  multitude  of  fissures  as  we  see  indicated 
by  the  dikes  in  Falma  most  be  enormous ;  so  that,  could  it  be  with- 
drawn, the  mass  of  ejectamenta  would  collapse  and  lose  both  in  height 
and  bulk.  The  injection,  therefore,  of  ^  this  matter  in  a  liquid 
state  most  have  been  attended  by  the  gn^ual  distension  of  the  ctm^ 
the  increase  of  which  I  have  elsewhere  compared  both  to  the  exo- 
genous and  eudogeuouB  growth  of  a  tree,  as  it  has  been  effected  ahka 
by  external  and  internal  accessions. 

But  the  acquisition  of  a  steeper  dip  by  such  reiterated  rendings 
and  injections  of  a  cone  ia  altogether  opposed  to  tbe  views  of 
those  who  defend  the  upheaval  hypothesis,  because  it  draws  with  it 
the  conclusion  that  the  fdopeswere  always  growing  steeper  and  stepper 
in  proportion  as  the  cone  waxed  older  and  loftier.  C^ce  admit  thia^ 
and  it  follows,  that  the  upper  layers  of  eolid  lava  must  have  CM- 
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formed  to  snifacM  alresdj  inclined  ftt  uigles  of  20,  or,  in  the  om  of 
the  Caldera  of  Pahnft,  28  degrees. 

For  this  reaeon  the  defenders  i^  tho  nphoftval  hypotlirais  are  con- 
nstent  with' themselTes  in  assigning  the  whole  moverooit  by  which 
the  strata,  whether  eoUd  or  incoherent,  have  been  tilted,  ezdntirelj 
to  <Hie  terminal  catastrophe.  The  whole  development  of  subter- 
nuiean  force  is  represented  as  the  lut  incident  in  everj  seriea  of 
volcanic  operations,  the  cloeing  scene  of  the  drama ;  and  the  sndden 
and  parozjrsmsl  natare  of  the  catastrophe  is  inferred  from  the 
absence  of  all  sigiu  of  sncceseive  aod  intermittent  action  bo  cha- 
racteristic <^  the  antecedent  volcanic  phenomena. 

I  have  alluded  to  an  opinion  entertuned  bj  some  able  geologists, 
that  no  lava  can  acquire  an}r  degree  of  solidity  if  it  flows  down  ■ 
declivity  of  more  than  three  degrees.  This  doctrine  I  believe  to  be 
emmeons.  The  lava  which  has  flowed  from  the  cone  of  Llarena 
near  Fort  Orotava,  in  TeneriflTe,  is  veij  columnar  in  parte,  and  yet 
has  descended  a  slope  of  six  iegnet.  Another  stream  of  recent 
aspect  near  the  town  of  El  Passo,  in  Palma,  has  a  general  inclination  . 
of  ten  degrees,  and  is  remarkable  for  the  depth  and  extent  of  the 
lai^  basin-shaped  hollows,  20, 30,  and  35  feet  deep,  seen  everywhere 
OS  its  surface.  Whenever  another  lava-cnrrent  shall  flow  down  over 
this  one,  although  its  average  inclination  will  be  the  same,  it  most 
fill  up  1^  these  iueqaalities,  and  in  doing  so  must  give  rise  to  masses 
of  compact  and  solid  rock  20  or  30  feet  thiok,  resting  upon  and 
encircled  bjr  vesicular  lava.  Other  lavas  north-east  of  Fuencaliente 
at  the  southern  eztrentity  of  Palma,  so  modem  as  to  be  still  blat^ 
and  uncovered  with  vegetation,  descend  slopes  of  no  lees  than  23 
decrees,  and  7et  contain  large  masses  of  compact  stone,  formed 
chieflj  on  the  sides  of  tunnel-shaped  cavities,  15  or  20  feet  deep,  la 
which  one  layer  has  solidified  within  another  on  the  walls  of  these 
channels,  while  in  the  central  part  the  lava  leems  to  have  renuuned 
fluid  so  as  to  mn  oat  of  the  tunnel,  leaving  an  arched  cavity,  the 
roof  of  which  has  in  most  cases  fallen  in.  The  strength  of  the  en- 
reloping  crust  of  scorife  at  the  lower  end  of  a  lava-current  in  which 
one  of  these  tunnels  existed  may  have  been  sufficient  to  arrest  the 
progress  of  the  stream  fi^r  hours  or  days,  and  during  that  time 
solidification  may  have  occurred  under  great  hydrostatic  pressure. 

iBefore  taking  leave  of  Pahna,  we  have  yet  to  consider  another 
distinct  point,  namely,  what  amount  of  denudation  has  taken  place 
in  the  Calders,  and  its  environs.  Assuming  that  the  great  cavi^  or 
some  part  (^  it  may  have  originated  in  the  truncation  of  a  cone  in 
the  manner  before  suggested,  to  what  extent  has  its  shape  been  sub- 
sequently enlarged  or  modified  by  aqueous  erosion?  It  will  be 
remembered  that  a  conglomerate  of  well-rounded  pebbles,  no  lees 
tiian  800  feet  thick,  was  spoken  of  as  visible  in  the  great  Barranco 
(see  description  of  section,  pp.  501,  J02.).  That  conspicaous  deposit 
8  or  4  miles  in  length,  was  evidentiy  derived  from  the  deetmction 
of  rocks  like  those  in  the  Caldeia,  ibr  the  present  torrent  brings 
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down  umually  Bimilar  stones  of  every  sise,  Bome  yerj  Urge^  ud 
rounda  them  hj  attrition  in  its  channeL  By  irhkl  chmngei  in  tbe 
Gonflgnration  of  tlie  isl&nd  after  the  old  volcano  and  its  Calden  wen 
formed  was  so  vast  a  thickness  of  gravel  formed,  to  be  aftemtdt 
cat  through  to  a  depth  of  800  feetP  The  ravine  throngh  which 
the  torrent  now  flows  haa  been  excavated  to  that  depth  Hmnigh  the 
old  conglomerate.  The  occurrence  of  two  or  three  layers  of  coo- 
temporaneoaa  lava,  intercalated  between  the  strata  of  pnddingstooe, 
ought  not  to  sarprise  na ;  for  even  in  historical  times  eruptiong  itn 
been  witnessed  in  the  sonthem  half  of  Falma.  Such  basaltic  laii^ 
(me  of  them  columnar  in  stnictore,  have  not  come  down  from  the 
Caldera,  but  from  cones  much  nearer  the  sea,  and  immediately  td- 
joining  the  Barranco,  like  the  cone  of  Argual  (see  map,  p>  499.)  lod 
others.  These  lavas,  of  the  same  age  as  the  conglomerate,  caaast 
of  three  or  four  currents  of  limited  extend  for  in  many  parts  of  the 
river-cliffs  no  volcanic  formation  is  visible  on  either  bank.  On  the 
'  right  bank  of  the  Barranco,  the  conglomerate,  when  traced  west- 
ward, is  soon  found  to  come  to  an  end  as  it  abuts  against  the  tof^ 
precipice  s  (fig.  647.),  which  ic  a  prolongation  of  the  weBtern  will 
of  the  Caldera.  Its  extent  eastward  from  i",  may  be  more  conuder- 
able,  but  oannot  be  ascertained,  as  it  is  concealed  under  modem 
scorite  and  lava  spread  over  the  great  platform,  w. 
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Aa  we  could  find  no  organic  remains  in  the  old  gravel,  we  have  no 
poutive  means  of  deciding  whether  it  be  floviatile  or  marine.  The 
height  of  its  base  above  the  sea,  where  it  is  800  feet  thick,  may  be 
dteut  350  feet,  but  patches  of  it  ascend  to  elevatJoos  of  1000  and 
1500  feet  near  the  top  of  the  Barranca,  as  shown  at  k,  ftc,  in  MCtiin, 
fig.  646.,  p.  601.  Such  a  mass  of  gravel,  therefore,  bears  testimony 
to  the  removal  of  a  prodigious  amount  of  materials  from  the  Caldera 
by  the  acdon  of  water.  Whether  a  river  or  the  sea  was  the  trans- 
porting agenli  it  is  obvious  that  a  large  portion  of  the  volcanic 
materials,  ctmsisting  of  sand,  li^illi,  and  scorii^  befcH«  described 
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(p.  502.),  as  belonging  to  the  upper  foimation  in  the  Cklderk,  would 
leave  behind  them  few  pebbles.  Nefti]7  all  of  these  perishable 
depoeite  would  be  awept  ^nrn  in  the  shape  of  mud  into  the  Atlantic. 
Even  the  hard  rounded  atones,  since  thsy  were  once  angular  and 
are  now  ground  down  into  pebbles,  must  have  lost  more  than  half 
their  original  bulk,  and  bear  witness  to  lai^  quantities  of  sedi- 
mentary matter  consigned  to  the  bed  of  the  ocean.  We  aaw  in  the 
Caldera  blocks  of  huge  size  thrown  down  bj  cascades  from  the  upper 
precipices  during  the  molting  of  the  snows,  a  fortnight  before  our 
visits  and  mnch  destruction  was  likewise  going  on  in  the  lower  set  of 
rocks  by  the  same  agency.  We  also  learnt  that  a  great  flood  rushed 
down  the  Barranco  in  tl^  spring  of  1854,  shortly  before  our  arrival, 
damaging  several  houses  and  farms,  and  I  have  therefore  no  doubt 
that  the  erosive  power  even  of  rain  and  river  water,  aided  by  earth- 
quakes,  might  in  the  course  of  ^es  empty  out  a  valley  as  large  as  the 
Caldera,  although  probably  not  of  the  same  shapa  I  am  disposed  to 
attribute  the  circular  range  of  diffi  Burrounding  the  Caldera  to  vol- 
canic action,  because  they  fordbty  reminded  me  of  the  precipices 
encircling  three  sides  of  the  Tal  del  Bove,  on  Etna ;  and  becanse 
they  agree  so  well  with  Junghuhn'a  descriptitai  of  tiie  "old  crater- 
walls  "  of  active  volcanos  in  Java,  some  of  which  equal  or  surpass  in 
dimensions  even  the  Caldera  of  Falma.  The  latter  may  have  con- 
nsted  at  first  of  a  true  crater,  enlarged  afterwards  into  a  caldera  by 
the  partial  deetmction  of  a  great  cone ;  but,  if  so^  it  has  certainly 
been  since  modified  by  denudation.  Nor  can  any  geologist  now  de- 
fine bow  mnch  of  the  work  ^las  been  accomplished  by  aqneons,  and 
how  much  by  volcanic  ^ency.  The  phenomenon  of  a  river  cutting 
its  channel  through  a  dense  mass  of  ancient  allnviom  formed  during 
oscillations  in  the  level  of  the  land  is  not  confined  to  volcanic  coun- 
tiiea,  and  I  need  not  dwell  here  on  its  interpretation,  but  refer  to 
what  was  aud  in  the  7th  chapter.     (See  p.  84.). 

There  renuune^  however,  another  question  of  high  theoretical 
interest ;  namely,  whether  the  denudation  was  marine  or  fluviatile. 
It  was  stated  that  the  materials  of  the  great  cone  or  assemblage 
of  cones  in  the  north  of  Palma  are  of  subaerial  origin,  as  proved 
by  the  angularity  of  the  fragments  of  rock  in  the  agglomerates; 
Init  it  may  be  asked,  whether,  when  the  Caldera  was  formed  long 
afterwards,  it  may  not,  like  the  crater  of  St  Paul's  (fig.  649., 
p.  513.),  have  had  a  commnnication  with  the  sea,  which  may  have 
mitered  by  the  great  Barranco,  and  if,  after  a  period  of  partial 
submei^ence,  the  island  may  not  then  have  risen  again  to  its  ori- 
ginal altitude.  In  sach  a  case  the  retiring  waters  might  leave 
behind  them  a  conglomerate,  partly  of  river-pebbles,  collected  at  the 
points  where  the  torrent  successively  entered  the  sea,  and  partly  of 
stones  rounded  by  the  waves.  The  torrent  may  have  finally  cut  a 
deep  ravine  in  the  gravel  and  associated  lavas  when  the  land  was 
rising  again.  Such  osciUations  of  level,  amounting  to  more  than 
2000  feet,  would  not  be  deemed  improbable  by  any  geologists,  pro- 
vided they  enable  us  to  explain  more  naturally  than  by  any  other 
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caaution,  the  origin  of  the  phjairal  ontliaes  of  the  conDbj.  At  to 
the  fact  that  no  marine  ah^  have  yet  been  discovered  in  the 
conglomerate,  sufficient  search  has  not  jet  been  made  ibr  them  to 
entitle  ns  to  found  an  argument  on  such  negatiTe  evidence.  At  tbe 
same  time  I  confess,  Oat,  having  found  sea-shdls  aud  bryona 
abundantly  in  certain  elevated  marine  conglomerates  in  the  Gnnd 
Canarj,  before  I  visited  Palma,  and  being  unable  to  meet  with  inj 
in  the  Barranco  de  Us  Angaatdas,  I  regarded  the  old  gravel  when  I 
was  on  the  spot  aa  of  fluviatile  origin.  Such  inferences  are  ilwiji 
doubtful  in  the  absence  of  more  positive  data,  and  the  inlerventioii 
of  the  aea  will  unquestionably  account  for  some  phenomena  in  the 
conflgnradon  of  the  Galdera  and  Barranco  more  natorally  ttan  rivet 
action.  For  example,  we  have  the  lofty  cliff  k,  fig.  p.  508.  already 
mentioned,  and  e,/,  map,  p.  498.,  extending  four  or  five  miles  from 
the  Caldera  to  the  sea  on  the  right  bank  of  the  BarrancO)  and  no 
cliff  of  corresponding  b^ht  or  structure  on  tiie  odier  bank,  where 
for  miles  towards  the  south-east  there  is  the  platform  f,  fig.  p.  506. 
snppordng  several  minor  volcanic  conee.  Ibe  sea  might  be  lup- 
posed  to  leave  just  such  a  cliff  aa  b,  after  cutting  away  a  portion  of  . 
the  south-western  extremity  of  the  old  dome-shaped  mountain  in  the 
north  of  Falma,  whereas  a  torrent  or  river  would  leave  a  cliff  of 
similar  structare  and  nearly  equal  height  on  both  banks.  As  to  the 
fact  of  the  old  conglomerate  ascending  an  inclined  plane,  i,  I,  K 
p.  501.,  from  the  eea-level  to  an  elevation  of  about  1^00  feel;  near 
the  entrance  of  the  Caldera,  this  ia  by  no  means  conclnaive  in  fsvoor 
of  fiuviatile  action,  alUiough  some  elevated  patches  of  the  same  nu^ 
in  truth  belong  to  an  old  river-bed;  but  in  South  America  gravel- 
beds  of  marine  origin  have  a  similar  upward  slope,  when  fiilloved 
inland,  and  the  cause  of  such  an  arrangement  has  been  explained  in 
a  satisfactory  manner  by  Mr.  Darwin.* 

Another  aignment  in  favour  of  marine  denudation  may  be  derived 
from  that  peculiar  feature  in  the  configuration  of  Palma,  before 
alluded  to,  called  the  pass  of  the  Gnmbrecite  (e,  fig.  646.,  p  501.), 
forming  a  Rot«h  in  the  uppermost  line  of  precipices  surroondiiig 
the  Caldera.  Tbie  break  divides  the  mountain  called  AJejenado,  d, 
fig.,  p.  fiOl.,  from  the  eastern  wall  ef,  and  cuts  quite  through  die 
upper  formation  ;  yet  the  range  of  precipice  /  e,  on  the  eaateni  idde 
of  the  Caldera  is  continued  uninterruptedly,  and  retains  its  full  height 
of  1500  or  2000  feet  above  its  base,  to  the  southward  of  the  Cm- 
brecito,  or  ^m  «  towards  a,  map,  fig.  642.,  p.  498.  In  this  prokm- 
gation  of  the  cliff  for  half  a  mile  scrathward  beds  of  volcanic  matter 
and  dikes  are  seen,  aa  in  the  walls  of  the  Caldera. 

Ibe  indentation  forming  the  pass  of  the  Cumbrecito,  e,  p.  SOU  hu 
more  the  appearance  of  an  old  channel,  such  as  a  current  of  «iter 
may  have  excavated,  than  of  a  rent  or  a  chasm  caused  by  a  &Qlt.  !■ 
case  of  a  fault  the  lower  formation  would  not  be  persistent  and  unin- 
terrupted across  tbe  Cumbrecito,  constituting  the  watershed;  bet 
would  have  sunk  down  and  have  been  replaced  by  the  upper  basaltic 
*  Geotos.  ObKrr.,  Sonth  Ajcciic^  p.  43. 
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TockK.  If  we  could  asaume  that  the  Be»  once  entered  the  Calden 
here  as  well  u  hj  the  great  Bamnco,  it  might  have  produced  such 
%  breach  as  «,  and  such  an  extension  of  the  line  of  cliffs  as  that  now 
observable  between  e  and  a,  m^  p.  498.  without  any  corresponding 
cliff  to  the  westward  of  <,  a. 

Tet  we  coold  discover  no  elevated  outliers  of  conglomerate  to 
attest  the  supposed  erosion  at  the  Cumbrecito,  which  is  about 
3500  feet  above  the  level  of  the  sea.  It  might  also  be  objected  to 
the  hjpothesis  of  marine  denudation  in  Palms,  that  there  are  no 
ranges  of  ancient  sea-cUfls  on  the  external  slopes  of  the  island. 
The  flanks  of  the  mountain,  except  where  it  is  furrowed  bj  ravines 
or  broken  by  lateral  cones,  descend  to  the  sea  with  a  uniform 
inclination.  In  reply  to  such  a  remark,  I  may  observe  that  we  do 
not  require  the  submergence  of  the  uppermost  3O0O  feet  of  the 
old  cone  in  order  to  allow  the  sea  to  enter  both  the  great  Barnmco 
and  the  Cumbrecito  and  to  flow  into  the  Caldera.  It  would  be 
enough  to  suppose  the  land  to  sink  down  so  as  to  permit  the  waves 
to  wash  the  base  of  the  basaltic  cliffs  in  the  interior  of  the  Cal- 
dera, and  to  wear  a  passage  through  the  Cumbrecito  where  there 
may  have  been  always  a  considerable  depression  in  the  outline  of 
the  upper  formation.  But  would  not  the  same  wavee  which  had 
power  to  form  in  the  Bsrranco  a  mass  of  conglomerate  800  feet 
thick  have  lett  memorials  of  their  beach-action  on  the  external 
slope  of  the  island  ?  No  such  monuments  are  to  be  seen.  It  may 
be  said,  in  explanation, — first,  that  cliffs  are  not  so  easUy  cnt  on  the 
side  of  an  island  towards  which  the  beds  dip  as  on  the  side  &om 
which  they  dip ;  secondly,  if  some  small  diffs  and  sea-beaches  had 
existed,  they  may  have  been  subsequently  buried  under  showers  of 
ashes  and  currente  of  lava  proceeding  from  lateral  cones  during 
eruptions  of  the  same  date  as  those  which  were  certainly  contem- 
poraneous with  the  conglomerate  of  the  great  Barranco. 

On  the  eastern  coast  of  Falma,  about  half  a  mile  from  the  sea,  in 
the  ravine  of  I-as  Mieres,  not  far  firom  Santa  Cruz,  we  observed  a 
conglomerate  of  well-rounded  pebbles  having  a  thickness  of  100 
feel,  covered  by  successive  beds  of  lava,  also  about  100  feet  thick. 
In  this  instance  the  andent  gravel  beds  occupy  a  position  very 
anslogous  to  the  buried  cone,  s.  p.,  fig.  645.,  p.  500.  When  in  Falma, 
I  conceived  them  to  be  of  fluviatile  origin  j  but,  whether  marine  or 
freshwater,  it  must  be  admitted  that  the  superposition  of  so  dense  an 
accumulation  of  lavas  to  a  mass  of  conglomerate  100  feet  thick 
shows  how  easily  the  outer  slopes  of  the  island  may  have  been 
denuded  by  the  sea  and  yet  display  no  superficial  signs  of  marine 
denudation,  every  old  beach  or  delta  once  at  the  mouth  of  a  torrent 
being  concealed  under  newer  volcanic  outpourings. 

Since  the  cessation  of  volcanic  action  in  the  north  of  Falma,  the 
most  frequent  eruptions  appear  to  have  taken  place  in  aline  running 
north  and  south,  from  a  to  Fuencaliente,  map,  p.  498.;  one  of  the 
Tolcanos  in  this  range,  called  Verigojo,  g,  being  no  less  than  6565 
English  feet  high.     The  lavas  descending  from  several  vente  in  this 
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chain  reach  the  eea  both  on  the  east  and  west  coast,  and  are  muij 
of  ihom  nearly  as  naked  and  barren  of  vegetation  as  when  they  first 
flowed.  The  tendency  in  volcanic  vents  to  assume  a  linear  ar- 
rangement, as  seen  in  the  volcanoe  of  the  Andes  and  Java  oq  a 
grand  scale,  is  exemplified  by  the  cones  and  craten  of  this  small 
range  in  Palma.  It  has  been  conjectured  that  such  linearity  in  the 
diredion  of  snperflcial  outbreaks  is  connected  with  deep  fissores  io 
the  earth's  crust  communicating  witli  a  subjacent  focna  of  subter- 
ranean heat. 

By  discussing  at  so  much  length  the  question  whethra-  the  sea 
may  or  may  not  have  played  an  important  part  in  enlarging  the 
Caldera  of  Palma,  I  have  been  denrous  at  least  to  show  how  many 
facts  and  observations  are  required  to  explain  the  etrnctore  and 
configuration  of  sucb  volcanic  islands.  It  may  be  useful  to  dte,  in 
illustration  of  the  same  subject,  the  present  gec^apbicd  omdition 
of  St  Paul's  or  Amsterdam  Island,  in  the  Indian  Ocean,  midway 
between  the  Cape  of  (rood  Hope  and  Australia. 


^  this  case  the  crater  is  only  a  mile  in  diameter  and  ISO  f«ct 
deep,  and  the  surrounding  cliffs  where  loftiest  about  800  feet  higb.  ^ 
that  in  regard  to  size  such  a  cone  and  crater  are  insignificant  wben 
compared  to  the  cone  and  Caldera  of  Palma  or  to  such  voltaiu* 
domes  as  MounU  Loa  and  Eea  in  the  Sandwich  Islands.  But  vie 
Island  of  St  Paul  exemplifies  a  class  of  insular  v<dcanoa  into  whicli 
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the  ocemn  now  enters  by  ft  single  passage.  Every  enter  must 
almost  inTuiablj  h&Te  one  mde  mucfa  lower  than  all  the  others, 
namely  that  side  towards  which  the  prevailing  winds  uerer  blow, 
and  to  which,  therefore,  showers  of  dast  and  scoria  are  rarelj 
carried  during  eruptions.  There  will  also  he  one  point  on  this 
windward  or  lowest  side  more  depressed  than  all  the  rest,  by  which 
in  the  event  of  a  partial  submergence  the  sea  may  enter  as  often  as 
the  tide  rises,  or  as  often  as  the  wind  blows  from  that  quarter.  For 
Uta  aame  reason  that  the  sea  continues  to  keep  open  a  single 
entrance  into  the  lagoon  of  an  atoll  or  annular  coral  reef,  it  will  not 
allow  this  passage  into  the  crater  to  be  stopped  up,  but  will  scour  it 
out  at  low  tide,  or  as  often  as  the  wind  changes.  The  channel, 
therefore,  will  always  be  deepened  in  pr<^>ortlon  as  the  island  rises 
above  the  level  of  the  se%  at  the  rate  perhaps  of  a  few  feet  or  yards 
in  a  century. 

The  crater  of  Yesnvine  in  1822  was  2000  feet  deep ;  and,  if  it 
were  a  half-submerged  cone  like  St  Fanl,  the  excavating  power  of 
the  ocean  might  in  conjuuction  with  a  gradual  upheaving  force  giv^ 
rise  to  a  large  caldera.  Whatever,  therefore,  may  have  been  the 
nature  of  the  forces,  igneous  or  aqueous,  which  have  shaped  out  the 
Val  del  Bove  on  Ebia  or  the  deep  abyss  called  the  Caldera  in  the 
north  of  Falm%  we  can  scarcely  doubt  that  many  craters  have  been 
enlarged  into  calderas  by  the  denuding  power  of  the  ocean,  when- 
ever connderable  oscillatdons  in  the  relative  level  of  land  and  sea 
have  occurred. 

Peak  of  Tetur^e. — The  accompanying  view  of  the  Peak,  taken 
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from  Bketchea  made  bj  Mr.  Hitrtang  and  in7aelf  during  onr  virit  to 
Teneriffe  in  1854,  will  abow  the  murner  in  which  that  loftjr  cone  ia 
encircled  on  more  than  two  Bides  hj  what  I  consider  as  the  miss  of 
as  older  eone,  chiefly  formed  hj  emptione  from  a  Bommit  which  hag 
disappeared.  That  ancient  cnlminating  point  from  which  one  or 
au>r«  craters  probablj  poured  forth  their  lavas  and  ejeotamenta  majr 
not  hare  been  placed  preciael;  where  the  present  peak  now  rifiei, 
and  nxaj  not  bare  had  the  same  form,  but  its  position  was  probably 
not  materially  difierent.  The  great  wall  or  semicircular  range  <^ 
precipices,  c  e,  surrounding  the  atrinm,  bb,i&  obTionslj  analogous  to 
tlie  walls  of  a  Caldera  like  that  of  Palma  ;  but  here  the  cliffs  are 
insignificant  in  dimensions  when  compared  to  thoBe  in  Pahna,  being 
in  genra^l  no  more  than  fiOO  feet  h^h  and  rarely  exceeding  1000 
feet  The  plain  or  atrium,  (  b,  figs.  651.  and  652.,  lying  at  the  base 
of  tbe  clifis,  is  here  called  Las  CaBadas,  and  is  covered  with  sand  and 
pumioe  thrown  out  from  the  Peak  or  from  craters  on  its  flanks. 
Copious  streams  of  lara,  dd,  have  also  flowed  down  from  lateral 
openings,  eape(»sUy  from  a  crater  called  the  Chahorra,  J\  fig.  652., 
which  is  not  seen  in  the  view,  fig.  651.,  as  it  is  hidden  1^  the  Peak. 
The  last  eruption  was  as  late  as  the  year  1798. 


tiaaUinnfli|iutgrT«inlSk.fr«iN.B.  toS.W.    On  i  tn»  k 
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To  what  extent  the  lavas,  dd,  figs.  651.  and  652.,  may  have  nar- 
rowed the  circns  or  atrium,  b,  or  taken  away  &«m  the  height  of 
the  cliff  e,  no  geologist  can  determine  for  want  of  sections ;  but 
should  the  Peak  and  the  Chahorra  continne  to  be  active  rolcanos 
for  ages,  the  new  cone,  a,  might  become  united  with  the  old  one, 
and  the  lava  might  flow  first  from  c  to  c  and  then  frvtm  a  to  c, 
fig.  652.,  so  that  &e  atope  might  begin  to  resemble  that  formed  by 
lavas  and  qectamenta  from  tbe  summit  a  to  Guia,  on  the  south- 
western side  of  the  cone. 

Madeira. — Every  volcanic  island,  so  far  as  I  have  examined  them, 
variee  from  every  other  one  in  the  details  of  its  geographical  and 
geological  structure  so  greatly  that  I  bave  no  expectation  of  finding 
any  simple  hypothesis,  like  that  of  "elevation  craters,"  applicable  to 
all  or  capable  of  explaining  their  origin  and  mode  of  growth.  Few 
ialand^  for  example^  resemble  each  other  more  than  Madeira  and 
Palma,  inasmuch  as  both  oocnst  mainly  of  basaltic  rocks  of  sub- 
aerial  origin,  but,  when  we  compare  them  closely  together,  there  is 
no  end  of  the  points  in  which  they  differ. 

The  oldest  formation  known  in  Madeira  is  of  submarine  Toleamlo 
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ori^n,  snd  referable  perhaps  to  the  Uooene  tertiarf  epoch.  Tofls 
md  limeatouei  containing  marine  abeUe  and  corals  occur  at  8.  Yi- 
cente  on  the  nortliem  coast,  where  thej  rise  to  the  height  of  more 
than  1200  feet  above  the  sea.  'Tbey  bear  testimony  to  an  apheaval 
to  tiiat  amonnt,  at  least,  since  the  commencement  of  volcanic  action 
in  those  parts. 

The  pebbles  in  these  marine  beds  are  ivell  ronnded  and  poliibed, 
strongly  contrasting  in  that  respect  with  the  angular  fragments  of 
similar  varieties  of  volcanic  rocks  so  frequent  in  the  saperimposed 
tnfis  and  agglomerates  formed  above  the  level  of  the  sea. 

The  lengidi  of  Madeira  from  east  to  west  is  about  30  miles,  its 
l»«adth  &om  north  to  south  being  12  miles.  The  annexed  section, 
fig.  663.,  drawn  np  on  a  true  scale  of  heights  and  horiaontal 
distances  from  the  observations  of  Mr.  Hartong  and  mjsel^  will 
wable  tike  reader  to  comprehend  some  of  the  pointe  in  whic^ 
geologically  considered,  S^ideira  resembles  or  varies  frcm  Pdma 
ib  the  central  region,  at  a,  as  veil  as  in  the  adjtnning  r^>oa  on 
each  ride  of  i^  are  seen,  as  in  the  centre  of  Palnu,  a  great  nunber 
of  dikes  penetrating  through  a  vast  occnmulation  of  ^ectamonta,  e. 
'Hieee  tiao,  as  in  Falma,  we  observe  as  we  recede  from  the  omtn 
that  the  dikes  decrease  in  number,  and  beds  of  ecorin,  la^dH^ 
agglomerate  and  tuff  be^n  to  alternate  with  stony  lavss,  d  d, 
until  at  the  distance  of  a  mile  or  more  from  the  central  aris  the 
vokaiue  mass,  below  fh  and  eg,  consists  almost  exclnriveily  of 
streams  or  sheets  of  basalt,  witii  some  red  partings  of  oducous 
day  or  laterite,  probably  andent  soils.  The  darker  linea  indicate 
the  predominance  of  these  lavas  which  have  Sowed  on  the  nirfie^ 
and  which,  besides  basal^  consist  of  various  kinds  of  trap,  and  ia 
some  places  of  tracbyt&  The  lighter  tint,  e,  expresses  an  accu- 
mulation of  scotite,  agglomerate,  and  other  materials,  such  ss  maj 
have  been  piled  np  in  the  open  ^,  in  or  around  the  chief  oriflcet 
of  wnption,  and  between  vokanic  cones. 

The  Kco  Torres,  A,  more  than  6000  feet  high,  is  one  of  mnj 
central  peaks,  composed  of  ejected  materials.  By  the  union  cf  the 
foondatioiiB  of  many  similar  peaks,  ridges  or  mountain  craats  are 
formed,  from  which  Uie  tops  of  vertiral  dikes  project  like  turrets  tbore 
the  weathered  snrfHoe  of  the  softer  beds  of  tuff  and  scoria.  Hence 
tho  broken  and  picturesque  ontiine,  giving  a  angular  and  zomsatic 
character  to  the  scenery  of  the  highest  part  of  Madeira.  Nord  of 
A  is  seen  Fico  Ruivo  (s),  the  most  elevated  peak  in  the  island,  jtt 
exceeding  by  a  few  feet  only  the  height  of  Fioo  Torres.  It  ii 
rintilar  is  compoution,  but  its  uppermost  part,  400  feet  high,  retain! 
a  mcne  perfectly  conical  form,  and  has  a  dike  at  its  summit  witb 
streams  of  scoriaceous  lava  adhering  to  its  steep  flanks.  Thwe  »n  a 
great  many  ench  peaks  east  and  west  of  a,  which  seem  to  be  the 
■  ruins  of  cones  of  eruption,  the  materials  of  some  at  least  bariiig 
been  arranged  with  a  quJUquft-versal  dip.  Among  tiwse  is  Hco 
Grande,  o,  fig.  655.,  now  half-buried  under  more  modem  livsi 
which  have  flowed  round  it.  It  is  perhaps  owing  to  the  jnil*> 
position  of  such  a  multitude  ni  mnee  or  points  of  emptiim,  and  tbe 
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interference  of  their  Ibtss  along  the  great  mat  and  west  line  of  toI- 
canic  action,  that  we  find  the  stony  beds  in  the  centoal  region  betnen 
e  and^  fig.  658.,  nearly  horiiontal,  or  having  a  dip  of  no  more  than 
from  3  to  5  degrees  instead  of  having  a  very  stee^  inclination  liks 
those  in  the  walls  of  the  Caldera  of  Palma. 

These  level  or  slightly  inclined  beda  often  form  platibmu,  rdcIi  it 
that  called  the  Panl  da  Serra  (a,  fig.,  p.  520.).  But  when  we  reeeds 
from  the  central  azi^  the  lavas  acquire  an  average  slope  of  10 
degrees  on  the  north  (as  between  t  and  g,  fig.  653.),  and  of  15  tm  the 
south  between  /  and  A.  Nearer  the  sea  ^ain,  as  at  i  and  l,  iriKn 
the  most  modem  lavaa  occur,  the  dip  diminishes  to  5  degreee,  and 
even  to  3^,  as  at  k,  near  FnnchaL  In  this  latter  chancteriatie, 
however  (the  smaller  inclination  of  the  lavas  near  the  sea,  and  their 
asaociation  there  with  modem  cones  of  eruption,  such  as  h,  h,  o), 
there  is  a  strict  analt^  between  Madeira  and  Palma.  Buried  ctaei 
of  eruption  also  occur  at  many  points,  as  at  ^  and  q,  fig.  653,  wUdi 
have  been  overwhelmed  by  lavas  flowing  from  the  central  regioii. 
The  aggregate  thickness  of  the  more  solid  basalts  alternating  with 
tnffi  rarely  exceeds  1500  feet ;  but  below  Pico  S.  Antonio,  or  b,  fig:, 
p.  5 1 7.,  they  attain  a  thickness  of  8O0O  feet,  being  exposed  to  view  on 
the  aides  of  a  deep  valley  called  the  Gurral,  presently  to  be  men- 
tioaed. 

As  a  general  rule,  the  lavas  of  Madeira,  whether  vesicnlar  or  taa.- 
pact,  do  not  constitnto  continuous  sheets  parallel  to  each  other. 
When  viewed  in  the  sea-clifis  in  sections  transverse  to  the  directioD 
in  which  they  flowed,  they  vary  greatly  in  thickness,  even  if 
followed  for  a  few  hundred  feet  or  yards,  and  they  usually  thin  oat 
entirely  in  less  than  a  quarter  of  a  mile.  In  the  ravines  whiet 
radiate  irom  the  centre  of  the  island,  the  beds  are  more  persistent 
but  even  here  they  usually  are  aeen  to  terminate,  if  followed  for  k 
few  miles ;  their  thickness  also  being  very  variably  and  acHnetims 
increasing  suddenly  from  a  few  feet  to  many  yards. 

I  saw  no  remains  of  foeeil  plants  in  any  of  the  red  partingi  k 
laterites  above  alluded  to  \  but  Ur.  Smith,  of  Jordanhill,  was  more 
fortunate  in  1840,  having  met  with  the  carbonised  branches  ud 
roots  of  shrubs  in  some  red  clays  under  basalt  near  FunchaL  Nenr- 
theless,  Mr.  Hartung  and  I  obtained  satisfactory  evidence  in  tk 
northern  part  of  the  island,  in  the  ravine  of  S.  Jorge,  of  the  fomxr 
existence  of  terrestrial  vegetatirai,  and  consequently  of  the  snbaeiiil 
origin  of  a  large  portion  of  the  lavas  of  Madeira.  At  ;  in  the  aeetiiD 
(fig.  658.)  the  occorrence  of  a  bed  of  impure  lignite^  covered  by  hanlt, 
had  long  been  known.  Associated  witii  it^  we  observed  several  laj«n 
of  tuff  and  clay  or  hardened  mod,  in  one  of  which  teaves  of  diootf- 
ledonous  plants  and  of  ferns  abound.  The  latter,  according  to  Mr. 
Charles  J.  F.  Banbury,  are  referable  to  tho  genera  ^henxfttn, 
Adiantttmt,  PeeopUris,  and  Woodioardia,  one  of  them  having  the 
peculiar  venation  of  ^oodvardia  ratUean*,  a  spedea  now  ctaninaa 
in  Madeira  Among  the  dicotyledonous  leaves,  eaaie  are  appannll; 
of  the  myrtle  fiuoily,  the  larger  proportion  having  their  vahttf 
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smooth  and  unwrinkled,  with  a  somewhkt  rigid  and  coriaceous 
texture,  and  witli  andivided  or  entire  margins.  "  These  characters," 
obaerrea  Mr.  Bonbory,  "  belong  to  the  lanrel-tjpe,  and  indicate  a 
certain  uudc^  between  the  ancient  vegetable  remains  and  the 
modem  forests  of  Madeira  in  which  laurels  and  other  evergreens 
abound,  with  glossj  coriaceoas  and  entire-edged  leaves,  while  below 
them  there  is  an  undergrowth  of  ferns  and  other  plants." 

The  lignite  above  mentioned  and  the  leaf-bed  occur  at  the  height 
of  1000  feet  above  the  level  of  the  sea,  and  are  overlaid  hy  saper- 
imposed  basalts  and  scoria^  1100  feet  thick,  implying  the  existence 
of  an  ancient  terrestrial  vegetation  long  before  a  large  part  of 
Madeira  had  been  built  up.  The  nature  of  the  tuffs  accompanjing 
the  lignite,  blether  with  some  agglomerates  in  the  vicinity,  entitles 
ns  to  presume  that  near  this  spot  a  series  of  eruptions  once  broke 
onL  Nor  is  it  improbable  that  there  may  have  been  here  the  crater 
of  some  lateral  cone  in  which  the  lignite  and  leaf-bed  accumulated ; 
for,  although  craters  are  remarkably  rare  in  Madeira,  when  we 
consider  how  conuderable  is  the  number  of  perfect  cones,  yet  on  the 
mountain  called  Lagoa,  2^  miles  west  of  Machico,  a  crater  as  perfect 
ae  that  of  Astroni  near  Naples  may  be  seen. 

At  the  bottom  of  this  circular  cavity  (fig.  654.),  which  is  about 
150  feet  deep,  is  a  plain  about  SOO  feet  in  diameter,  having  a  pond 
in  the  middle,  towards  which  the  plain  slopes  genUy  &om  all  sides. 
Such  ponds  are  often  seen  in  the  interior  of  extinct  craters.  Except 
n  the  middle  it  is  shallow,  and  supports  aquatic  plants.  Many 
eaves  must  also  be  blown  into  it  from  the  surrounding  heights 
vhen  high  winds  prevail,  so  that  a  mass  of  peaty  matter  convertible 
bto  lignite  may  collect  here. 


Crusr  of  Ltgr*.  1|  mllH  wttt  ot  MiicIileD,  UuMn. 

In  thii  cat,  taken  ln>iii  ■  ikeuh  oF  mj  own,  the  depth  of  the  crater  naj  appeu 
loo  great.  onlcM  it  ia  home  in  mind  that  there  are  no  trees  vieibts,  and  moat  of  the 
boahea  are  of  the  Madein  nhortle-berrf  (  Vaccinium  Madarentt)  Ai«  or  gix  feet 
high.    Immediately  behind  the  foreground  on  artificial  mound  is  leen  throim  up 

aa  a  fence. 

Had  streams  of  lava  descending  from  greater  heighte  entered  this 
Lagoft  crater,  they  would  have  formed  dense  masses  of  compact  rock 
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cooling  stowl^  under  great  preesore,  Uke  Aoee  now  incanbent  on 
the  impoTB  lignite  of  S.  Jorge.  The  dip  of  the  latter  cannot  be 
eleartj  detenniued,  since  it  is  exposed  to  view  for  too  abtyrt  a  dis- 
tance; and  Ute  same  maj  be  said  of  the  leaf-bed,  part  ofirhidimaj 
be  traced  lower  doftn  the  ravine.  It  seems,  howero',  to  dip  to  tlw 
north  or  towards  the  sea  conftomaUy  witli  the  general  incUnalian 
of  the  basaltic  and  tafaceons  strata. 

A  deep  rallej,  called  the  Carral  (b,  Sg.  655.),  snrromided  bj 
precipicee  from  1500  to  2500  feet  high,  and  bj  pealu  of  still  greater 
elevation,  occurs  in  the  middle  of  Kadetra.  It  has  been  compared 
bj  some  to  a  crater  or  caldera,  for  its  npper  ptvtion  is  mtnated  ia 
the  region  where  dikes  and  ejectamenta  abonnd.  Tlie  Carra],  how- 
ever, extends,  withoat  diminishing  in  depth,  to  below  the  region  of 
nnmeroua  dikes,  and  it  la;^  <^n  to  view  aU  the  beds  r,  j;  fig;  653. 
Hor  do  the  volcanic  masses  dip  away  in  all  directions  &om  the  Cmil, 
as  &om  a  central  point,  or  from  the  hollow  axis  of  a  cone.  Hie 
Carral  is  in  fact  one  oolj  of  three  great  vallejB  which  ladiste  frau 
the  most  monntainons  district,  a  second  depresdon,  called  the  8ena 
d'Agoa  (d,  fig.  655.),  being  almost  as  deep.  This  cavity  is  also 
drained  bj  a  river  flowing  to  the  south ;  while  a  third  valley,  namely, 
that  of  the  Janella,  sends  its  waters  to  the  north.  The  section  alhided 
to  (fij;.  655.),  passing  throogh  part  of  the  axis  of  the  island  in  sn  E. 
and  W.  direction,  shows  how  the  Cnrral  uid  Serra  d'Ago1^  a  and  d. 


SaetliB  thnoth  tte  ootnl  nfkoB  of  Hidiln,  (hn  Sue  tg  W«C 
C'  Pica  OiudJ.  D.  Tin  rAltj  alAi  Sim  Vifa. 

are  separated  by  a  narrow  and  lofty  ridge,  c,  part  of  which  s 
snrmounted  by  IJie  Pico  Grande,  before  mentioned,  neariy  5400  fet 
high.  There  is  no  essential  difference  between  tJM  shape  of  thee 
tiiree  great  valleys  and  many  of  those  in  the  Alps  and  Pyrenee, 
where  the  ralley-m^ing  process  can  have  had  no  connectiaB  vib 
any  superficial  volcanic  action. 

In  the  Alps,  no  doubt,  as  in  oUier  lof^  ebains,  tbe  fbrmatHm  ■£ 
valleys  has  been  greatly  uded  by  subterranean  movements,  bofa 
gradual  and  violent,  and  by  the  dislocation  of  rocks.  The  same  m^ 
be  true  of  Madeira  and  of  almost  every  lofty  volcanic  region ;  bu, 
when  we  reflect  that  the  central  hnghts  a  and  b,  flg.  653.,  aie  mon 
than  6000  feet  above  the  sea,  and  that  the  waters  flowing  irnn  then, 
swollen  by  melted  snows,  reach  the  sea  by  a  course  of  not  mneh 
more  than  6  miles  in  the  case  of  those  draining  the  Cnrral,  and  bj 
nearly  as  short  a  route  in  the  Serra  d'Agoa,  we  shall  be  piepsied 
for  ahnost  any  amount  of  denudation  effected  simply  by  lubaoiil 
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Tlie  gcnenl  Abaence  of  wmter-woni  pebblei  in  the  tafik  underlying 
the  Jlftdeim  Ursa  u  very  gtriking,  and  contnutB  with  the  frequent 
ocomrenoe  of  graTel-heds  under  so  many  of  the  Auvergne  I&teb.  It 
■bnply  proTSB  that  Hadeiis,  like  the  Tolcanic  monntuns  of  Java,  or 
like  Monnt  Etna  or  Hona  Loa  in  ibe  Sandwich  Islands,  could  not,  for 
reasfHiB  before  given  p.  479.,  support  a  single  torrent  eo  long  as  erup- 
tiotts  frere  &eqaent  on  its  slopes.  The  period,  therefore,  of  fluviatile 
erosion  mnat  have  been  subsequent  to  the  formation  of  the  central 
nodensof  ejectament«,e,  fig.,  p.  517.|  and  of  the  lavas  d,  ibid.  When 
we  infer  that  these  were  of  snpramarine  cnigin  as  far  down  as  die 
line  p,t,t,  and  peritqw  lower,  it  follows  that  a  lof^  island,  4000  feet 
or  more  in  beigh^  must  have  resulted,  even  if  no  upheaval  had  ever 
oecnrred. 

The  movements  which  upraised  the  marine  deposits  of  San  Ticente 
may  or  may  not  have  extended  over  a  wide  area.  How  far  they 
modified  the  form  of  the  island,  or  added  to  its  height  is  a  fair  sub- 
ject of  speculation;  and  whether  the  steep  dip  of  the  lavas  seen  in  the 
ravines  intenecting  the  slopes  of  th«  monntain,^  k,  and  «  ff,  can  be 
ascribed  to  such  movMoents.  The  lavas  of  more  modem  date,  near 
^inchal,  may  be  imagined  to  rem^  comparatively  horieontal, 
beeanse  they  have  escaped  the  influence  of  disturbing  forces  to 
wliich  the  older  nucleus  was  exposed.  Without  dlscnssing  this 
point  (so  fully  treated  of  in  reference  to  Palma),  I  may  observe  that 
unquestionably  different  parts  of  Madeira  have  been  formed  in  snc- 
eeaeioD.  Xear  Forto  da  Cruz,  for  example,  on  the  northern  coast, 
toachytes  of  a  grey,  and  trachytic  tnffa  almost  of  a  white  colour,  in 
■Ughtly  inclined  or  almost  horizontsl  beds,  have  partially  filled  up 
deep  vi^leys  prerioosly  excavated  through  the  older  and  inclined 
baaaltu  rocks  (dipping  at  an  angle  of  10°  to  the  north),  under 
which  the  leaf-bed  and  lignite  before  mentioned,  fig.  65S.,  p.  fit?., 
lie  buried.  Daring  the  convulsions  which  accompanied  the  out- 
pouring of  every  newer  series  of  lavas  the  older  rocks  may  have 
been  more  or  less  disturbed  and  tilted,  without  destroying  the 
general  form  of  the  old  dome-shaped  mountain  supposed  by  us  to 
have  been  the  result  of  repeated  eruptions  from  the  central  vents. 

The  locality  just  referred  to  of  Porto  da  Cruz  exemplifies,  not 
only  the  long  intervals  of  time  which  separated  the  outflowing  of 
distinct  sets  of  lavas,  hot  also  ^e  precedence  of  the  basidtic  to 
the  trachytic  outpourings.  So  also  on  the  northern  elope  of 
Bladeira,  I  obeerved  between  the  Jardim  and  Kco  Bodes,  situated 
in  a  direct  line  about  nx  miles  north-west  of  Fnnchsl,  a  well- 
marked  series  of  trachytic  rocks  of  considerable  thickness  occu- 
pying tLe  highest  geolc^cal  position.  They  consist  of  white  and 
grey  trachytes,  occnrriug  at  points  varying  from  2500  to  3500  feet 
above  the  sea.  Their  position  may  be  understood  by  supposing 
them  to  constitate  the  uppermost  beds  represented  at  A  in  the 
section,  fig.  653.,  p.  617.,  and  on  the  slope  above  A.  The  doctrine, 
tbflrefi)re,  that  in  each  series  of  volcanic  eruptions  the  trachytic 
lavas  flow  out  firat,  and  after  them  the  basaltic  kinds  (see  p.  526.), 
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ia  hj  no  means  borne  oat  in  Madeira,  although  some  of  the  newest 
currents,  like  those  at  the  foot  of  the  cones  >^  k,  o,  fig-  653.,  are 
basaldc. 

I  maj  here  allnde  to  another  feature  in  the  mineralogical 
Btructare  of  U«dei^^  namely,  that  most  commonlj  the  uppermost 
of  all  the  Tolcanic  rocks,  when  we  ascend  to  heights  of  J200  feet 
or  more  above  the  sea,  consist  of  compact  felspathic  trap^'  with 
much  <diTine,  separating  into  spheroidal  masses  sereral  feet  in 
diameter,  especiallj  when  some  of  the  conUuned  iron  has  become 
more  highly  oxidated  in  the  atmosphere.  M.  Delesse,  after  ex- 
amining my  specimens,  informs  me  that  in  France  they  wonld  call 
this  rock  basalt^  although  it  is  often  without  augite  and  simply  a 
mixture  of  blackish  green  felspar  with  olivine.  Whatever  name  we 
assign  to  it,  the  Bupei^cial  envelope  of  the  island,  not  only  in  the  line 
of  section  followed  in  fig.  653.,  p.  517.,  bat  also  very  generally,  may 
be  said  to  consist  of  this  trap,  except  near  the  sea,  where  basalts 
occur  which  have  not  the  same  spheroidal  stmctnre. 

Among  other  indications  of  a  considerable  difference  of  age^  eroi 
in  the  superficial  volcanic  formationB  of  Madeira,  I  may  remark  that 
many  of  the  central  peaks,  such  as  a,  fig.  653.,  seem  to  be  the  mete 
skeletons  of  cones  of  eruption;  irhereas  the  forma  of  the  more 
modem  cones,  sach  aa  m,  m,  <^  are  r^nlar,  and  have  no  {ovtrading 
dikes  on  their  summits  or  fianks.  The  newest  lavas  also  in 
Madeira  have,  in  one  district  at  least,  a  singularly  recent  aspect  ss 
compared  to  those  of  older  date,  which  are  decomposed  superficially 
often  to  the  depth  of  several  feet  or  yards.  I  allude  to  the  lava 
currents  near  Port  Moniz,  one  of  which  is  as  rough  and  bristling 
as  ore  some  streams  before  alluded  to  in  Palma  (p.  612.)  of  his- 
torical date.  I  am  indebted  to  Mr.  Hartnng  for  the  annexed 
drawing  of  a  lava  at  Port  Monis,  which  I  did  not  visit  myself. 


It  is  traversed  by  a  channel,  a,  like  one  of  those  already  described, 
p.  507.  For  how  long  a  period  such  characters  may  be  retained  is 
uncertain,  so  much  does  this  depend  on  the  mineral  composition 
of  the  rock.  Some  of  the  lavas  of  Auvergne  of  prehiatorical  date 
and  certainly  of  high  anUqnity,  are  almost  as  rugged ;  so  tbst 
this  freshness  of  aspect  is  only  a  probable  indication  of  a  relatively 
modern  origin. 
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CHAPTER  XXX. 

OK  THE  DIFJEBBNT  AGES  Or  THE  TOLCiMIC   B0CK8. 

TeMt  ot  rdatiTe  sge  of  rolouue  ncki — Tests  b;  (apetpotitioa  and  intnifion — 
Dika  of  QouiiagtOD  Bill,  Dnrhun — Test  by  allention  of  rocks  id  eonUct — 
Te«  t?  aTgimic  temaing  —  Tettot  tge  hj  minenl  chuMler — Teatbj  incloded 
hagtatau — Volcanic  rocki  oT  ibeFuit-Fliocene  poiod  — Bualt  of  the  Baj 
of  l^attinSdly — n>at-RioccDe  Tolcnnic  rocki  neuHaplei — DikMof  Somma 
—  ]^iwoiu  ftemadoui  of  the  II«««r  njacena  poriod  — Tal  diNotoin  Scily. 

Hating  referred  the  ledimentary  strata  to  a  long  socceseion  of 
geological  periods,  ve  have  now  to  consider  how  far  the  rolcftaic 
fomiationB  can  bo  clasBod  in '  a  similar  chronological  order.  The 
teste  of  relative  age  in  this  class  of  rocks  are  four: — let,  super- 
position and  intrusion,  with  or  withoot  alteration  of  the  rocks  in 
ccmtact ;  2nd,  organic  remains ;  8rd,  mineral  characters ;  4th,  in- 
dnded  fragments  of  older  rocka 

Te$tt  by  Mtptrpctition,  i[c. — If  a  volcanic  rock  rest  upon  an 
aqoeons  deposit,  Uie  former  most  be  the  newest  of  the  two,  bnt  the 
like  rule  does  not  hold  good  where  the  aqueous  formation  rests  upon 
the  volcanic,  for  melted  matter,  rising  from  below,  may  penetrate  a 
sedimentary  mass  without  reaching  the  surface,  or  may  be  forced  in 
conformably  between  two  strata,  as  £  at  d  in  the  annexed  figure 
(Sg.  65&)^  after  which  it  may  cool  down  and  consolidate.     Super- 


poeition,  therefore,  is  not  of  the  same  value  as  a  test  of  age  in  the 
nnstraljfied  volcanic  rocks  as  in  fossili&rouB  formations.  We  can 
only  rely  implicitly  on  this  test  where  the  volcanic  rocks  are 
contemporaneous,  not  where  they  are  intmsive.  Now,  they  are  said 
to  he  contemporaneous  if  produced  by  volcanic  action  which  was 
going  on  simultaneously  with  the  depoaitiou  of  the  strata  with 
which  they  are  aseociatod.  Thus  in  the  section  at  D  (fig.  666.),  we 
may  pettiaps  ascertatn  that  the  trap  b  flowed  over  the  fosailiferous 
bed  c,  and  that,  after  its  consolidation,  a  was  deposited  upon  it^  a 
and  e  both  belonging  to  the  same  geological  period.  But  if  the 
stratum  a  be  altered  by  (  at  the  point  of  contact,  we  must  then 
conclude  the  trap  to  have  been  inb^siTe,  or  i^  in  punning  b  for 
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gome  distance,  we  find  »t  length  that  it  cute  throngh  the  stnbm  a, 
uid  then  oTerlies  it  m  kt  b 

We  msy,  however,  be  easily  deceived  in  sapposing  ft  voleuic  rock 
to  be  intrasive,  when  in  reality  it  is  contemponmeoos ;  for  ■  sheet 
of  lava,  M  it  spreada  over  the  bottom  of  the  sea,  cannot  net  etaj 
where  upon  the  same  atratotn,  either  became  theee  have  been  de- 
naded,  or  because,  if  newly  thrown  down,  they  thin  oat  in  certun 
places,  thus  allowing  the  lava  to  cross  their  edges.  Besides  the 
heavy  igneona  flnid  will  often,  as  it  moves  along,  cnt  a  channel  into 
beds  of  soft  mud  and  sand.  SnppoR 
the  submarine  lava  F,  fig.  65S.,  to  hare 
come  in  contact  in  this  manner  irith 
the  strata  a,  b,  c,  and  that  after  iit 
consolidation  the  strata  d,  e,  are  thram 
down  in  a  neariy  horizontal  potitioo, 
yet  BO  as  to  lie  uuoonformably  to  r,  ibe 
appearance  of  snbaeqnent  intnuiini  viH 
here  be  complete,  although  the  trap  is  in  &ot  contempMaoeou 
We  must  not,  therefore,  hastily,  infer  that  the  rock  r  is  intmsiTa, 
unless  we  find  the  strata  t^  <^  or  c,  to  have  been  aberod  at  thai 
junction,  as  if  by  heat. 

When  trap  dikes  were  described  in  the  preceding  chapter,  Oiej 
were  shown  to  be  more  modem  than  all  the  strata  which  they 
traverse.  A  basaltic  dike  at  Quarrington  Hill  near  Doriian,  pMKs 
through  coaL-measnres,  the  strata  of  which  are  inclined,  ud  ihiited 
so  that  those  on  the  north  side  of  the  tUke  are  24  feet  above  tlie 
level  of  the  corresponding  beds  on  the  south  side  (see  seetiai, 
fig.  659.),    But  the  horisMital  beds  of  overlying  Bed  Sandatone  snd 


Magneuan  limestone  are  not  cnt  through  by  the  dike.  Nov  ben 
the  coal>meaaures  were  not  <Hily  deposited,  but  had  subseqnentlF 
been  disturbed,  fissured,  and  shifted,  before  the  fluid  trap  nor 
forming  the  dike  was  introduced  into  a  rent  It  is  also  cImt  tlisi 
some  of  the  upper  edges  of  the  coal  strata,  bother  with  the  nppv 
part  of  Uie  dike,  had  been  subsequently  removed  by  duiadalkn 
before  the  lower  New  Bed  Sandstone  and  llfagnesian  Limaslnns 
were  superimposed.    Even  in  this  case,  however,  although  the  date 
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of  the  Tolcuiic  eraptdon  is  brought  within  narrow  limitfl,  it  cumot 
be  deflned  with  precision ;  it  nay  have  happened  eitfter  nt  the  cloM 
of  tbe  CarboniferoaB  period,  or  eorl^  in  that  of  the  Lower  New 
Bed  Suidstone^  or  between  these  two  periods,  when  the  state  of  the 
■nimstf  creation  and  the  phjsical  geography  of  Europe  were  gra- 
diuUjr  changing  from  the  type  of  the  CarboniferonB  era  to  that  of 
thePMTiuai). 

The  test  of  age  hj  saperpoflitiio)  is  strictly  applicable  to  all  stn^ 
tiAed  roleanie  tafib,  according  to  the  roles  already  explained  in  the 
cMe  of  other  aedimentary  deponts.     (See  p.  97.) 

Tal  q^  age  by  orgatiie  rtmamt.  —  We  have  seen  how,  in  the 
vicinity  of  actave  rolcanos,  Bcori»,  pnmice,  fine  sand,  and  fragments 
of  rock  are  thrown  up  into  the  air,  and  then  showered  down  upon  the 
land,  or  into  neighbonring  lakes  or  seas.  In  the  tuffs  so  formed 
sheila,  coral^  or  any  other  durable  organic  bodies  which  may  happen 
to  be  strewed  orar  the  bottom  of  a  lake  or  sea  will  be  embedded,  and 
Haa  cootinoe  as  pennanent  memoriab  of  the  geological  period  when 
the  vcdcanic  eruption  occurred.  Tnfaceons  strata  thus  formed  in  tits 
nogfabonrhood  of  VesuTius,  Etna,  Stromboli,  and  other  Tolcanoe  now 
■(^Te  in  islands  or  near  the  sea,  may  give  information  of  the  relatiTe 
age  of  these  tufis  at  some  remote  futuro  period  when  ti>e  fires  of  these 
monntaina  are  extinguished.  By  evidence  of  this  kind  we  can 
eatablish  a  coincidBnoe  in  age  between  volcanic  rocks  and  the  dif- 
^ent  primary,  secondary,  and  tertiary  fossiUferons  strata. 

The  ta£&  alluded  to  may  not  always  be  marine,  bnt  may  include^ 
in  arane  pIacel^  freshwater  shells  ;  in  others,  the  bones  of  terrestrial 
qnadrnpeds.  The  diversity  of  organic  remains  in  formations  of  thia 
aatare  is  perfectly  inteliigible,  if  we  reflect  on  the  wide  dispersion  of 
tijected  matter  during  late  eruptions,  snch  as  that  of  the  volcano  of 
Coeegoin^  in  the  province  of  Kicaragu^  January  19.  183S.  Hot 
ciodera  and  fine  scorin  were  then  cast  np  to  a  vast  height,  and 
covered  the  ground  as  they  fell  to  the  depth  of  more  than  10  feet, 
and  for  a  distuice  of  8  leagues  from  the  crater  in  a  southerly  direc- 
tion. Birds,  cattle,  and  wild  mnimala  were  scorched  to  death  in 
great  numbers,  and  buried  in  ashes.  Some  volcanic  dust  fell  at 
Chii^%  upwards  of  1200  miles,  not  to  leeward  of  the  volcano  aa 
might  have  been  anticipated,  bnt  to  windward,  a  striking  proof  of 
a  counter  current  in  the  upper  region  of  the  atmospbere ;  and  boum 
OB  Jamaica,  about  700  miles  distant  to  the  north-east  In  the  sea, 
also,  at  the  distance  of  1100  miles  from  the  point  of  eruption,  Cap- 
tain E!den  of  the  Conway  sailed  40  miles  through  floating  pomice, 
among  which  were  some  pieces  of  considerable  si».* 

Tut  of  agt  bg  mitral  eott^otUion.  —  As  sediment  of  honw- 
geneous  composition,  when  discharged  from  the  mouth  of  a  large 
river,  is  often  deposited  simultaneously  over  a  wide  space,  so  a  par- 
tacolac  kind  of  lava,  flowing  from  a  crater  during  one  eruption,  may 
spread  over  an  extensive  area;  aa  in  Iceland  in  1783,  when  the 

■  C*l<fclMi^  niiL  Tnna.  18M.  p.  17. 
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melted  maUer,  pouring  from  Skaptar  Joknl,  flowed  in  rtreuas  in 
opposite  directiona,  and  caused  a  continuous  mass  the  extacme  pnirti 
of  whicli  were  90  miles  distant  from  each  other.  Thia  enonnoa 
earrent  of  lava  varied  in  thickness  from  100  feet  to  600  fee^  nd  in 
breadth  from  that  of  a  narrow  river  gorge  to  15  miles.'  Now,  if 
snch  a  mass  should  afterwards  be  divided  into  Beparate  fragments  hj 
denudation,  we  might  still  perhaps  identify  the  detached  portion*  hj 
their  umilaritj  in  mineral  composition.  Nevertbelese,  this  teat  wiQ 
not  always  avail  the  geologist  -,  for,  although  there  is  usoallj  a  pr«- 
vuling  character  in  lava  emitted  during  the  same  eruption,  and  ev« 
in  the  successive  currents  flowing  bom  the  same  volcano^  sdll,  in 
many  case%  the  different  parts  even  of  one  lava.«treani,  or,  as  befim 
stated,  of  one  continuous  mass  of  trap,  vary  mnch  in  nuneral  com- 
position and  texture. 

In  Auvergne,  the  Eifel,  and  other  coantries  where  trachyte  lod 
basalt  are  both  present,  the  trachytic  rocks  are  for  the  most  part 
older  than  the  basaltic  These  rocks  do,  indeed,  sometimes  alteniste 
partially,  as  in  the  volcano  of  Mont  Dor,  in  Auvei^e;  and  we  kare 
seen  t^t  in  Madeira  trachytic  rocks  may  overlie  an  older  basillie 
Beries(p.  521.) ;  but  the  great  mass  of  trachyte  occupies  more  generally 
perhaps  an  inferior  position,  and  is  cut  through  and  overflowed  by 
basalt  It  can  by  no  means  be  inferred  that  trachyte  predominated  at 
one  period  of  the  earth's  history  and  basalt  at  another,  fen*  we  know 
that  trachytic  lavas  have  been  formed  at  many  succeesive  period^ 
■nd  are  still  emitted  from  many  active  crat«rB ;  but  it  seems  that  in 
each  r^on,  where  a  long  series  of  eruptions  have  occurred,  the  mora 
felspathic  lavas  have  been  first  emitted,  and  the  eac^ie  of  the  toon 
augitic  kinds  has  followed.  The  hypothesis  suggested  by  Mr.  Scnqie 
may,  perhaps,  afford  a  solution  of  thb  problem.  The  mineral^  he 
observes,  which  abound  in  basalt  are  of  greater  speciflc  gnivi^  tban 
those  composing  the  felspathic  lavas ;  thns,  for  example,  homUend^ 
angite,  and  olivine  are  each  more  than  three  times  the  weight  of 
water ;  whereas  common  felspar,  albite,  and  Labradw  felspar  have 
each  scarcely  more  than  2{  times  the  specific  gravity  of  water ;  sod 
the  difference  is  increased  in  consequence  of  there  bong  much  more 
iron  in  a  metallic  st«te  in  basalt  and  greenstone  than  in  trachyte  and 
other  felspathic  lavas  and  trap  rocks.  If^  therefore,  a  large  quantity 
of  rock  be  melted  up  in  the  bowels  of  the  earth  by  volcanic  heat,  the 
denser  ingredients  of  the  boiling  fluid  may  sink  to  the  bottom,  and 
the  lighter  remaining  above  would  in  that  case  be  first  propelled  up- 
wards to  the  surface  by  the  expansive  power  of  gases.  TbotB  ma- 
terials, therefore,  which  occupy  the  lowest  place  in  the  subtemneas 
reservoir  will  alvrays  be  emitted  las^  and  take  the  uppermost  plice 
on  the  exterior  of  the  earth's  crust 

Test  by  meUtded  Jragmeatt,  —  We  may  sometimes  discover  the 
relative  age  of  two  trap  rocks,  or  of  an  aqueous  depont  and  ths  tnf 
on  which  it  rests,  by  finding  fragments  of  one  included  in  tin  aUbfX, 

*  See  Principlu,  I»ita,  "Skiptir  Jokdl.' 
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in  CAsee  such  as  those  before  alluded  to^  where  the  eridence  of  super- 
position  ftloDO  would  be  inanfficient  It  is  also  not  nnconunon  to  find 
t  cooglomerate  almoat  exclusivelj  composed  of  rolled  pebbles  of  traf^ 
ssaociated  with  some  foseiliferons  stratified  formation  in  the  neigh- 
bonriiood  of  massive  trap.  If  the  pebbles  agree  generally  in  mineral 
character  with  the  latter,  we  are  then  enabled  to  determine  its  rela- 
tive age  hj  knowing  that  of  the  fosailiferoua  strata  associated  with 
the  conglomerate.  The  origin  of  such  conglomerates  is  explained  bj 
observing  the  shingle  beaches  composed  of  trap  pebbles  in  modem 
volcanic  islands,  or  at  the  base  of  Etna. 

Patt-FUoceMe  Ptriod  (including  the  Recent).  — I  shall  now  select 
eiainples  of  contemporaneous  volcanic  rocks  of  successive  geological 
periods,  to  show  that  igneous  causes  have  been  in  activitj  in  all  past 
ages  of  the  world,  and  that  thej  have  been  ever  shifUng  the  places 
where  thef  have  broken  oat  at  the  earth's  surface. 

One  portion  of  the  lavas,  tufis,  and  trap-dikes  of  Etna,  Vesuvius, 
sod  the  Island  of  Ischia  has  been  produced  within  the  historical  era ; 
soother,  and  a  far  more  ctmsiderable  part,  originated  at  times  imme- 
diately antecedent,  when  the  waters  of  the  Mediterranean  were 
sh«adj  inhabited  bj  the  existing  species  of  testacea.  The  southern 
snd  eastern  flanks  of  Etna  are  skirted  hy  a  fringe  of  alternating  sedi- 
mentarj  and  volcanic  deposits,  of  submarine  origin,  as  at  Adern6, 
Trezza,  and  other  places.  Of  siztj-five  species  of  fossil  shells  which 
I  procured  in  1828  from  this  formation,  near  Trezza,  it  was  impos- 
uble  to  distinguish  any  one  from  species  now  living  in  the  neigh- 
bouring sea. 

The  Cjclopian  Islands,  called  by  the  Sicilians  Dei  Faraglioni,  in 
the  sea-clifis  of  which  these  beds  of  clay,  tuS^  and  associated  lava  are 
laid  open  to  view,  are  situated  in  the  Bay  of  Trezza,  and  may  tie  re- 


Vln  of  Us  lilt  at  C;clapi  In  th«  Bar  ot  Tmu.* 

garded  as  the  extremity  of  a  promontory  severed  from  the  main  land. 
Here  nnmerons  proofs  are  seen  of  submarine  eruptions,  by  which  the 

,n  origiiial  drawing  bj  mj  fiiend 
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argillaceoos  and  aandj  strata  were  invaded  and  cat  tiirongh,  ud  tu- 
faceouB  breccias  formed.  Incloeed  in  these  breccias  are  manj  ugaUi 
and  hardened  fragments  of  laminated  claj  in  different  states  of  alter- 
adoa  by  heat,  and  intermixed  with  volcanic  sands. 

The  loftiest  of  the  C;clopian  islets,  or  rather  rocks,  is  about  SOO 
feet  in  height,  the  smnmit  being  formed  of  a  mass  of  stratifled  dtj, 
the  lamince  of  which  are  occasionallj  subdivided  hj  thin  areniceoot 
layers.  These  strata  dip  to  the  N.W.,  and  rest  on  a  massof  columur 
lava  (see  tig.  660.)  in  which  the  tops  of  the  pillars  are  weathered, 
and  so  rounded  as  to  be  often  bemisphericaL  In  some  places  in  the 
adjoining  and  largest  islet  of  the  group,  which  liea  to  the  norlh-eut- 
ward  of  that  represented  in  the  drawing  (fig.  660.),  the  overljing 
clay  baa  been  greatly  altered  and  hardened  by  the  igneoos  rock,  and 
occasionally  contorted  in  the  most  extraordinary  manner ;  yet  the 
lamination  has  not  been  obliterated,  but,  on  the  contrary,  rendered 
much  more  conspicuous,  by  the  indurating  process. 

la  the  annexed  woodcut  (fig.  661.)  I  have  represented  aportian  of 
the  altered  rook,  a  few  feet  square,  where  the  alternating  thin  bmina 
of  sand  and  clay    have  pat 
^w-^>-  on    the    appearance  which 

we  o^en  obaerve  in  mow 
of  Uie  most  eonlOTted  <^  (be 
metamorphic  scMsts. 

A  great  flesare,  mnDiiiS 
from  east  to  wes^  Deartj 
divides  this  larger  ialsod 
into  two  parts,  and  lays  open 
ita  internal  ttlrnclure.  b 
the  section  thns  ezhitHled, 
a  dike  of  lava  is  seen,  Gt4 
catting  through  an  older 
mass  of  lava,  and  then  pene- 
trating the  enperincinnbent 
tertiary  strata.  In  oae  [dan 
tlie  htva  ramiSee  and  ter- 
minates in  thin  veins,  finx 
a  few  feet  to  a  few  inches  in 
thickness.     (See  Ag.  662.> 

The  arenaceons  laminc 
•re  mnch  hardened  at  tbe 
point  of  contact,  and  the 
days  are  converted  into  nB> 
ceons  aehisL  In  this  ieUnd 
the  altered  rocks  assome  ■ 
honeycombed  stmcture  on  their  weathered  surface,  singularly  «n- 
trasied  with  the  smooth  and  even  outline  which  the  same  beds  present 
in  their  usual  soft  and  yielding  state. 

The  pores  of  the  lava  are  sometimes  coated,  or  enbreJy  filled,  wm 
carbonate  of  lime,  and  with  a  wolite  resembling  aoaldme,  wMch  ha> 
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been  called  cjclopite.  The  latter  mineral  has  also  been  found  in 
small  flMores  traTersing  the  altered  marl,  gbowing  that  the  asme  cause 
which  introduced  the  minerals  into  the  cavities  of  the  lava,  whether 
we  suppose  sublimation  or  aqueous  infiltration,  eonvejed  it  also  into 
the  open  rents  of  the  contiguous  sedimentary  strata 

Pott-FUocette  fvrmationa  near  NapUi.  —  Z  have  traced  in  the 
"Frincdples  of  Geology"  the  history  of  the  changes  which  the  vol- 
canic region  of  Campania  is  known  to  have  undergone  during  the 
last  2000  years.  The  aggregate  effect  of  igneous  operations  during 
that  period  is  far  from  insignificant,  comprising  as  it  does  the  forma- 
tion of  tiie  modem  cone  of  Vesuvius  since  the  year  79,  and  the  pro- 
dnctioa  of  several  minor  cones  in  Ischia,  together  with  that  of 
Monte  Nuovo  in  the  year  1538.  Lava-currents  have  also  flowed 
npon  the  land  and  along  the  bottom  of  the  sea— volcanic  sand, 
pumice,  and  scorin  have  been  showered  down  so  abundantly  that 
whole  cities  were  buried — tracts  of  the  sea  have  been  filled  up  or 
converted  into  shoals — and  tu&ceous  sediment  has  been  transported 
by  rivers  and  land-fioods  to  the  sea.  There  are  also  proofs,  during 
the  same  recent  period,  of  a  permanent  alteration  of  the  relative 
lerela  of  the  land  and  sea  in  several  places,  and  of  the  same  tract 
having,  near  PukiuoU,  been  alternately  upheaved  and  depressed  to 
the  amount  of  more  than  20  feet  In  connection  with  these  convul- 
sions, there  are  found,  on  the  shores  of  the  Bay  of  Baiffi,  recent 
taiaceons  strata,  filled  with  articles  fabricated  by  the  hands  of  man, 
and  mingled  with  marine  shells. 

It  wai  also  stated  in  this  work  (p.  119.),  that  when  we  examine 
diis  same  region,  it  is  found  to  consist  lately  of  tafaceons  strata,  of 
a  date  anterior  to  hnman  history  or  tradition,  which  are  of  such 
thickness  as  to  constitute  hills  from  SCO  to  more  than  2000  ieet  in 
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height  These  poat-pliocene  atnta,  contuning  recent  nurine  ahdb, 
alternate  with  distinct  currents  and  eheets  of  lava  which  were  of 
contemporaneous  origin  ;  and  we  find  that  in  Veanvius  itself)  the 
ancient  cone  called  Somma  is  of  far  greater  Tolome  than  the  nwdero 
cone,  and  is  intersected  by  a  far  greater  nomber  of  dikes.  In  con- 
trasting this  ancient  part  of  the  mountun  with  that  of  modern  date, 
one  principal  point  of  difference  ia  obserred ;  naraely,  the  gnster 
frequency  in  the  older  cone  of  fragments  of  altered  sedinenlirj 
rocks  ^ected  during  eruptions.  We  may  easily  concave  that  the 
first  esplosiona  would  act  with  the  greatest  violence,  rending  ind 
shattering  whatever  solid  masses  obstructed  the  escape  of  lava  ud 
the  accompanying  gases,  so  that  great  hei^  of  ejected  pieces  of  rock 
would  naturally  occnr  in  the  tufaceous  breccias  formed  by  the  etriiot 
eruptions.  But  when  a  passage  had  once  been  opened,  and  an 
habitual  vent  established,  the  materials  thrown  ont  would  couflat  of 
liquid  lava,  which  would  take  the  form  of  sand  and  scoriK,  or  of 
angular  fragments  of  snch  solid  lavas  as  may  have  choked  np  the 

Among  the  fragments  irhich  abound  in  the  tufaceous  brecciu  of 
Somma,  none  are  more  common  than  a  saccharoid  dolomitey  supposed 
to  have  been  derived  from  an  ordinary  limestone  altered  by  bnt  and 
volcanic  vapours. 

Carbonate  of  lime  enters  into  the  composition  of  so  many  of  the 
simple  minerals  found  in  Somma,  that  M.  Mitscherlich,  with  modi 
probability,  ascribes  their  great  variety  to  the  action  of  the  volcuuc 
heat  on  subjacent  masses  of  limestone. 

Dikes  of  Somma.  —  The  dikee  seen  in  the  great  escarpment  vrhich 
Somma  presents  towards  the  modem  cone  of  Tesnvins  an  verj 
numerous.  They  are  for  the  most  part  vertical,  and  traverse  it 
right  angles  the  beds  of  lava,  scorife,  volcanic  breccia,  and  sand,  of 
which  the  ancient  cone  is  composed.  They  project  in  relief  Bevenl 
inches  or  sometimes  feet,  from  the  Face  of  the  clif^  being  extmnelj 
compact,  and  less  destructible  than  the  intersected  tuf^  and  poroo 
lavas.  In  vertical  extent  they  vary  from  a  few  yards  to  500  feet, 
and  in  breadth  &om  I  to  12  feet  Many  of  them  cut  all  the  iDclined 
beds  in  the  escarpment  of  Somma  from  top  to  bottom,  others  iU>f 
short  before  they  ascend  above  half  way,  and  a  few  terminate  at  botli 
ends,  either  in  a  point  or  abruptly.  In  minen^  composition  they 
scarcely  differ  from  the  lavas  of  Somma,  the  rock  consisting  at  t 
base  of  leucite  and  augite,  through  which  large  crystals  of  aiigit« 
and  some  of  leucite  are  scattered."  Examples  are  not  rare  of  one 
dike  cutting  through  another,  and  in  one  instance  a  shif\  or  fkolt  is 
seen  at  the  point  of  intersection. 

In  some  cases,  however,  the  rents  seem  to  have  been  filled  latersllT, 
when  the  walls  of  the  crater  had  been  broken  by  star-shaped  cncb, 
as  seen  in  the  accompanying  wood-cut  (fig.  663.).    But  the  shape '>f 
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these  rents  ia  an  exception  to  the  general  rule ;  for  nothing  is  more 
remarkable  than  the  nnial  paralleliBm  of  the  opposite  sides  of  the 
dikes,  which  correspond  ahsost  as  regukrlj  as  the  two  opposite  faces 
of  a  wall  of  masoniy.  This  chsract«r  appears  at  first  the  more  in- 
explicable, when  we  consider  how  jagged  and  oneven  are  the  rents 
caused  hj  earOiqiiafceB  in  masses  of  hetert^neons  composition,  like 
those  composing  the  cone  of  Sonuna,  In  explanation  of  this  pfae- 
nomenon,  M.  Necker  refers  ns  to  Sir  W.  Hamilton's  account  of  an 
eruption  of  TeanTios  in  the  jear  1779,  who  records  the  following 
facts:  —  "The  lavas,  when  they  either  boiled  over  the  crater,  or 
broke  oat  from  the  conical  parts  of  the  volcano,  constantly  formed 
channels  as  regular  as  if  they  had  been  cut  by  art  down  the  steep 
part  of  the  mountain ;  and,  whilst  in  a  state  of  perfect  fusion,  con- 
tinued their  course  in  those  channels,  which  were  aometimea  full  to 
the  brim,  and  at  other  times  more  or  less  so,  according  to  the  quantity 
of  matter  in  motion. 

These  channels,  upon  examination  after  an  eraptJon,  I  have 
found  to  be  in  general  from  t^o  to  five  or  six  feet  wide,  and  seven 
or  right  feet  deep.  Tlie^  were  oflen  hid  from  the  sight  by  a 
qoantaty  of  scorita  that  had  formed  a  crust  over  them ;  and  the  lava, 
having  been  conveyed  in  a  covered  way  for  some  yardc^  caJtae  out 
fresh  again  into  an  open  channel.  After  an  eruption,  I  have 
walked  in  some  of  those  snbterraneous  or  covered  galleries,  which 
were  exceedingly  curious,  the  sides,  top,  and  bottom  btinff  worn 
peiftcHy  tmootk  and  even  in  most  parts,  by  the  violence  of  the 
currents  of  the  red-hot  lavas  whidi  they  had  c<mveyed  for  muiy 
weeks  successively.'' f 

K«w,  the  walls  of  a  vertical  fissure,  through  which  lava  has 
ascended  in  its  way  to  a  volcanic  vent,  must  have  been  exposed  to 
the  same  erosion  as  the  sides  of  the  channels  before  adverted  to. 
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The  prolonged  and  uniform  frietion  of  the  faearj  flnid,  u  it  u 
forced  and  made  to  flow  npwardi,  cannot  fiul  to  irear  and  nnocith 
down  the  surfacea  on  which  it  mbi,  and  the  intense  hest  miut  melt 
all  Buch  maasee  as  project  and  obatruct  the  passage  of  the  inmi- 
descent  fluid. 

The  texture  of  the  YesnTian  dikes  is  difierent  at  the  edges  and  ii 
the  middle.  Towards  the  centre,  observee  M.  Necker,  the  rock  ii 
larger  grained,  the  component  elements  being  in  a  far  mon  ayt- 
talline  state ;  while  at  the  oAgo  the  lava  is  sometiqoea  vitreoi^  ind 
always  finer  grained.  A  thin  parting  band,  approaching  in  in 
character  to  pitchston^  occasitHiaUy  intervenea,  at  the  crataet  of 
the  vertical  dike  and  intersected  beds.  M.  Necker  mentions  me  of 
these  at  the  place  called  Frimo  Ibmte,  in  the  Atria  del  CaraSo; 
and  when  I  examined  Somma,  io  1828, 1  aaw  three  or  fimr  otlmt 
in  difierent  parts  of  the  great  eecarpment  These  phenomena  >re  ii 
perfect  harmoa;  with  the  results  of  the  experiments  of  Sir  Jhdss 
Hall  and  Hr.  Gr^ory  Wat^  which  have  shown  that  a  ^tuj 
textnre  is  the  efiect  of  sndden  coaling,  while,  on  the  conbaiy,  a 
crystalline  grain  is  produced  where  fused  minerals  are  allowed  to 
consolidate  siowtjr  and  tranquilly  under  high  prewore. 

It  is  evident  that  the  central  portion  of  the  lava  in  a  fissore 
would,  during  consolidation,  part  with  its  heat  more  slowly  than  tbe 
sides,  although  tbe  contrast  of  circumstances  would  not  be  so  great 
as  when  we  compare  the  lara  near  the  bottom  and  at  the  sur&oe  of 
a  current  flowing  in  the  open  air.  In  this  case  the  uppermost  par^ 
where  it  has  been  in  contact  with  the  atmosphere,  and  where  k- 
frigeration  has  been  most  n^id,  is  always  found  to  consist  of 
Bcoriform,  vitreous,  and  porous  lava ;  while  at  a  greater  depth  the 
mass  assumes  a  more  lithoidal  structure^  and  then  becomes  more  ind 
more  stony  as  we  descend,  until  at  length  we  are  able  to  recogoiK 
with  a  mi^nifying  glass  tbe  simple  minerals  of  which  the  rock  is 
composed.  On  peaetradng  still  deeper,  we  can  detect  the  ooa- 
stituent  parts  by  the  naked  eye,  and  in  the  Vesuvian  correnU 
distinct  crystals  of  augite  and  leucite  become  apparent. 

The  same  phenomenon,  observes  M.  Necker,  may  readily  be  ex- 
hibited on  a  smaller  scale,  if  we  detach  a  piece  of  liquid  lava  fhaa 
a  moving  current  The  fragment  cools  instantly,  and  we  find  tbe 
surface  covered  with  a  vitreous  coat ;  while  the  interior,  although 
extremely  flne-grwned,  Has  a  more  stony  appearance. 

It  must,  however,  be  observed,  that  although  the  lateral  portiou 
of  the  dikes  are  finer  grained  than  the  cenbml,  yet  the  vibvons 
parting  layer  before  allnded  to  is  rare  in  Tesuviua.  This  may, 
perhaps,  be  accounted  for,  as  the  above-mentioned  anthor  soggeeu^ 
by  the  great  heat  which  the  walla  of  a  fissure  may  acquire  Ijcfise 
the  finid  mass  b^ns  to  consolidate,  in  which  case  the  lava,  even  at 
the  sides,  would  cool  very  slowly.  Some  fisauree,  also,  may  be  filled 
&om  above,  as  frequently  happens  in  the  volcanoe  of  tbe  Sandwich 
Islands,  accocding  to  the  obsuValions  of  Mr.  Dana ;  and  in  this  case 
the  refrigeration  at  the  sides  would  be  more  r^id  than  when  tbe 
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melted  nutter  flowed  upwarda  &om  the  volcanic  foci,  in  an  intenselj 
heated  state.  Mr.  Darwin  informs  me  that  in  St.  Helena  almost 
OTery  dike  has  a  vitreoas  selvage. 

The  rock  composiog  the  dikes  both  in  the  modern  and  ancient 
part  of  VeeaTius  is  far  more  compact  than  that  of  ordinary  lava,  for 
the  pressnre  of  a  column  of  melted  matter  in  a  flssnre  greatly 
exceeds  that  in  an  ordinary  stream  of  lava  ;  and  pressare  checks  the 
expansion  of  those  gases  which  give  rite  to  vesicles  in  lava. 

There  is  a  tendency  in  almost  all  the  Vesuvian  dikes  to  divide 
into  horizontal  prisms,  a  phenomenon  in  accordance  with  the  form- 
ation of  vertical  columns  in  hwiaoutal  beds  of  lava;  for  in  both 
eases  the  divisions  which  give  rise  to  the  prismatic  structure  are  at 
right  angles  to  the  cooling  surfaces. 

Newer  FUoeene  Period — VcU  di  Nolo.  —  I  have  already  alluded 
(see  p.  157.)  to  the  igneous  rocks  which  are  associated  with  a  great 
marine  formation  of  limestone,  sand,  and  marl  in  the  southern  part 
of  Sicily,  as  at  Vizsini  and  other  places.  In  this  formation,  which 
waa  shown  to  belong  to  the  Newer  Pliocene  period,  lat^e  beds  of 
oysters  and  corals  repose  upon  lava,  and  are  unaltered  at  the  point 
of  contact.  In  other  places  we  find  dikes  of  igneous  rock  inter- 
aectiiig  the  fossillferous  beds,  and  converting  the  clays  into  siliceous 
schist^  the  laminn  being  contorted  and  shivered  into  innumerable 
fragments  at  the  junction,  as  near  the  town  of  Vizzini. 

The  volcanic  formatdoos  of  the  Yal  di  Soto  usually  consist  of  the 
most  ordinary  variety  of  basalt,  with  or  without  olivine.  The  rock 
is  sometimes  compact,  often  very  vesicular.  The  vesicles  are  occa- 
sionally empty,  both  in  dikes  and  currents,  and  are  in  some  localities 
filled  with  calcareous  spar,  arragonite,  and  zeolites.  The  structure 
is,  in  some  places,  spheroidal ;  in  others,  though  rarely,  cotomnar. 
I  fonnd  dikes  of  amygdaloid,  wackS,  and  prismatic  basalt^  inter- 
secting the  limestone  at  the  bottom  of  the  hoUow  called  Gozzo  degli 
Martiri,  below  MeliUi. 

Diket. — Dikes  of  vesicular  and  amygdaloidal  lava  are  also  seen 


traversing  marine  tnff  or  peperino,  west  of  Falagonia,  some  ol'  the 
pores  of  the  lava  being  empty,  while  others  are  filled  with  carbonate 
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of  lim&  In  sach  cases  we  may  Buppoae  die  peperino  to  b>Ta  »• 
suited  from  showers  of  volcanic  Band  and  scori^  togetiiec  irith 
fragments  of  limestone,  tlirown  out  by  a  Babmariike  explonn, 
similar  to  that  which  gave  rise  to  Graham  Island  in  1831.  Wben 
the  mass  was,  to  a  certun  degree,  consolidated,  it  may  have  beta 
rent  open,  ao  that  the  lava  ascended  through  fiasnrea,  the  wsQi  of 
which  were  perfectly  even  and  paralleL  Aitor  the  meltad  mtdv 
that  filled  the  rent  in  fig.  664.  had  cooled  down,  it  mast  haTS  betn 
fractured  and  shifted  horizontally  by  a  lateral  moTemraib 

In  the  second  figure  (fig.  662.X  the  lava  has  more  the  appearuus 
of  a  vein  which  forced  its  way  through  the  peperino.  It  is  highly 
probable  that  similar  appearances  would  be  seen,  if  we  ccnld 
examine  the  floor  of  the  sea  in  that  part  of  the  IbditemDau 
where  the  waves  have  recently  washed  away  the  new  Tokuic 
island  i  for  when  a  saperincambent  mass  of  ejected  fragmeata  hu 
been  removed  by  denudation,  we  may  expect  to  see  sections  of  dikes 
traversing  tn^  or,  in  other  words,  sections  of  the  channels  of  eon- 
munication  by  wMch  the  subterranean  lavas  reached  the  snifue.  < 
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CHAPTER  TTYTTT 

OH   THE  DirrSBZKT  AGES  OT  TBB  TOLCANIO  BOCKS  —  continued. 

Tolcanic  rock*  of  the  Oldei  PliocenB  period — Toacanj — Rome — Volcanic  re- 
gion of  Olot  in  Catalonia — CotKa  and  laTa-cairenti — Bavmei  and  a&cieat 
gnTel-Jjeds — Jeti  of  air  called  Bafadora — Age  of  the  Catslonian  Tolcanos — 
Ifocene  period — Brown-coal  of  the  Eifel  and  conlemponneons  tracbjtic  biec- 
daa — Age  of  Ihe  brown-coal — Fecnliai  cbaracten  of  the  volcanoe  of  the  upper 
and  low«r  EifU — I^ke  CraterB — Tnu — Hunearian  rolcanoa. 

OltUr  FUoeene  period — Ilafy. — In  Tnscany,  u  kt  Bftdicofani, 
Titerbo,  and  Aqoapendente,  and  in  the  Campagna  di  Koma,  sub* 
marine  volcanic  tuffs  are  interatratifled  with  the  Older  Pliocene 
strata  of  the  Snbapennine  Mils  in  aach  a  manner  as  to  leave  no 
donbt  that  they  were  the  products  of  eroptions  which  occurred 
when  the  shelly  marla  and  sand^  of  the  Sabapennine  hills  were  in 
the  course  of  deposition.  This  opinion  I  expressed  '  after  mj  visit 
to  Italy  in  1828,  and  it  has  recently  (1850)  been  confirmed  by  the 
argnments  adduced  by  Sir  R  Murchison  in  favour  of  the  sobmarine 
origin  of  the  earlier  volcanic  rocks  of  Italy.  I  These  rocks  are  well 
known  to  rest  conformably  on  the  Snbapennine  marls,  even  as  far 
sonth  as  Monte  Mario  in  the  sabnrbs  of  Rome.  On  the  exact  age 
of  the  deposits  of  Monte  Mario  new  light  has  recently  been  thrown 
by  a  careflil  study  of  their  marine  fossil  shells,  undertaken  by 
MM-  Rayneval,  Yanden  Hecke,  and  Fonza.  They  have  compared 
no  less  than  160  species}  with  the  shells  of  the  Coralline  Crag  of 
Suffolk,  to  well  dMcribed  by  Mr.  Searles  Wood;  and  the  apeciflc 
agreement  between  the  British  and  Italian  fossils  is  so  grea^  if  we 
make  due  allowance  for  geographical  distance  and  the  difference  of 
latitude,  that  we  can  have  litde  hesitation  in  referring  both  to  the 
same  period  or  to  the  Older  Pliocene  of  this  work.  It  is  highly 
probable  that,  between  the  oldest  trachytes  of  Tuscany  and  the 
newest  rocks  in  the  neighbourhood  of  Kaples,  a  series  of  volcanic 
products  might  be  detected  of  every  age  from  the  Older  Pliocene  to 
the  historical  epoch. 

CtUalonia.  —  Geologists  are  &r  from  being  able,  as  yet,  to  asdgn 
to  each  of  the  volcanic  groups  scattered  over  Europe  a  precise 
chroui^ogical  place  in  the  tertiary  series ;  but  I  shall  describe  herc^ 

■  See  IK  edit,  of  Principle*  of  Geo-  f  QtoL  Qnait.  Jonm.  toL  tI.  p.  381. 
logj,  Tt^  liL chaps.  siiL  and  xIt.,  IBSSt  t  Catalogue  da  Fo«llea  de  Honte 
■ad  fiutBer  edits,  of  ihi«  woA,  cb.  ixsl     Uario,  BoinB,  18fi4. 
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KS  probably  referable  to  eome  put  of  the  Pliocene  period,  a  £strict 
of  extinct  volcanoa  near  Olot,  in  the  north  of  Spain,  which  is  little 
known,  and  which  I  visited  in  the  sanuner  of  1630. 

The  whole  extent  of  country  occupied  by  volcanic  prodncts  in 
Catalonia  is  not  more  than  fifteen  geographical  miles  &om  north  to 
south,  and  about  six  from  east  to  west  The  venta  of  eruption 
range  entirely  within  a  narrow  band  running  north  and  sooUi;  and 
the  branchee,  which  are  represented  aa  extending  eastWanl  in  tbc 
map,  are  formed  simply  of  two  lava-streams — those  of  Caatell  FoOit 
uid  Cellent 


Dr.  Maclure,  the  American  geolt^ist,  waa  the  first  who  m*^ 
known  the  existence  of  these  volcanoa*;  and,  according  to  his 
description,  the  volcanic  region  extended  over  twenty  square  leiga«< 
from  Amer  to  Massanet  I  searched  in  vain  in  the  environe  of 
Masaanet  in  the  Pyrenees,  for  traces  of  a  lava-eurrent ;  and  I  eu 
say  with  confidence,  that  the  adjoining  map  gives  a  correct  vie*  of 
the  true  area  of  the  volcanic  action. 

Geological  ttrvetare  of  the  dittriet. — The  eruptions  have  bnrat 
endrely  throngh  fossiliferous  rocks,  composed  in  great  part  of  ^kj 

*  Madaie,  Jouiil  de  Vhjw.,  ml.  IxtL  p.  SI9.,  18DS  ;  cited  by  Dubcnf,  ^■ 
BcHptioD  of  Toleanos,  p.  %i. 
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And  graenUh  MuidstoDe  and  conglomerate,  with  some  thick  beda  of 
niunmulitic  limestoDe.  The  conglomentte  containa  pebbles  of  quarts 
luDestone,  and  Lydian  stone.  TbiB  Bystem  of  rocks  is  ver^  exten- 
■ivel;  spread  throi^hont  Catalonia;  one  of  its  members  being  a  red 
sandstone,  to  which  the  celebrated  salt<rock  of  Cardona,  nsually 
considered  as  of  the  cretaceous  era,  is  subordinate. 

Near  Amer,  in  the  Valley  of  the  Ter,  on  the  sonthem  borders  of 
the  region  delineated  in  the  map,  primary  rocks  are  seen,  consisting 
of  gneiss,  mica-schist,  and  clay-slate.  They  mn  in  a  line  nearly 
parallel  to  the  Pyrenees,  and  throw  off  the  fossiliferous  strata  from 
their  flanks,  causing  them  to  dip  to  ^  north  and  north-west  This 
dip,  which  is  towards  the  I^renees,  is  connected  with  a  distinct  axis 
d  elevation,  and  prevails  through  the  whole  area  described  in  the 
map,  the  inclination  of  the  beds  being  sometimes  at  an  angle  of 
between  40  and  50  degrees. 

It  is  evident  that  the  physical  geography  of  the  conntiy  has 
undergone  no  material  change  unce  the  commencement  of  the  era 
of  the  volcanic  eruptions,  except  such  as  has  resulted  from  the 
introduction  of  new  hills  of  scoris,  and  currents  of  lava  upon  the 
gur&ce.  If  the  lavas  could  be  remelted  and  ponred  out  again  from 
their  respective  craters,  they  would  descend  the  same  valleys  in 
which  they  are  now  seen,  and  re-occnpy  the  spaces  which  they  at 
present  filL  The  only  difference  in  the  external  configuration  of  the 
fresh  lavas  would  consist  in  this,  that  they  would  nowhere  be  inter- 
sected by  ravines,  or  exhibit  marks  of  erosion  by  running  water. 

Volcanic  conei  and  lavtu.  —  There  are  about  fourteen  distinct 
cones  with  craters  in  this  part  of  Spain,  besides  several  points 
whence  lavas  may  have  issued ;  all  of  them  arranged  along  a  narrow 
line  running  north  and  south,  as  will  be  seen  in  the  map.  The 
greatest  number  of  perfect  cones  are  in  the  immediate  neighbour- 
hood  of  Olot,  some  of  which  (Fig,  667.,  Noa.  2,  3,  and  5.)  are 
represented  in  the  annexed  woodcut;  and  the  level  plain  on  which 
that  town  stands  has  dearly  been  produced  by  the  flowing  down  of 
many  lava-streams  from  those  hills  into  the  bottom  of  a  valley, 
probably  once  of  considerable  depth,  like  those  of  the  surrounding 
country. 

In  this  drawing  an  attempt  is  made  to  represent,  by  the  shading 
of  the  landscape,  the  different  geological  formations  of  which  the 
country  is  composed.*  The  white  line  of  mountains  (No.  1.)  in  the 
distance  is  the  Pyrenees,  which  are  to  the  north  of  the  spectator, 
and  consist  of  hypogene  and  ancient  fossiliferous  rocks.  In  front  of 
these  are  the  fossiliferous  formations  (No.  4.),  which  are  in  shade. 
Still  nearer  te  us  the  hills  2,  3,  5,  are  volcanic  coDeg,  and  the  rest  of 
the  ground  on  which  the  sunshine  falls  is  strewed  over  with  volcanic 
ashes  and  lava. 

The  Fluvia,  which  flows  near  the  town  of  Olot,  has  cut  to  the 
depth  of  only  40  fbet  through  the  lavas  of  the  plain  before  men- 

•  Thli  view  1*  taken  ttaia  a  sketch  which  I  made  on  the  ipot  in  1830. 
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tioned.  The  bed  of  the  river  is  hard  basalt ;  and  at  the  bridge  of 
Santa  Madaleaa  are  seen  two  distinct  laTa-curreDta,  one  above  the 
other,  separated  by  a  horizontal  bed  of  scoriEe  8  feet  thick. 

In  one  place,  to  the  south  of  Olot,  the  even  surface  of  the  pltin  is 
broken  by  a  mound  of  lava,  called  the  "  Bosque  de  Tosca,"  the 
upper  part  of  which  is  scoriaceous,  and  covered  with  enormous 
heaps  of  fragments  of  basalt,  more  or  less  porous.  Between  the 
numerous  hummocks  thus  formed  are  deep  cavities,  having  the 
appearance  of  email  craters.  The  whole  precisely  resembles  some  of 
the  modern  currents  of  Etna,  or  that  of  Cdme,  near  Clermont ;  the 
last  of  which,  like  the  Bosque  de  Tosca,  supports  only  a  scanty 
vegetation. 

Most  of  the  Gatalonian  volcanos  are  as  entire  as  those  in  the 
neighbourhood  of  Naples  or  on  the  flanks  of  Etna.  One  of  tbese^ 
called  Montsacopa  (No.  3.  fig.  667.),  ia  of  a  very  r^ular  fbnn,  ud 
has  a  circular  depression  or  crater  at  the  summit.  It  is  chiefly 
made  up  of  red  scorie,  undistinguishable  frun  those  of  the  minor 
cones  of  Etna.  The  neighbouring  hiUs  of  Olivet  (No.  2.)  mil 
Gurinada  (No.  o.)  are  of  similar  composition  and  shape.  The 
largest  crater  of  the  whole  district  occurs  &rther  to  the  east  of 
Olot,  and  is  called  Santa  Margarita.  It  is  455  feet  deep,  and  sboul 
a  mile  in  circumference.  Like  Aetroni,  near  Naples,  it  is  richly 
covered  with  wood,  wherein  game  of  various  kinds  abounds. 

Although  the  volcanos  of  Catalonia  have  broken  out  thmugb 
sandstone,  shale,  and  limestone,  as  have  those  of  the  Eifel,  in  Gtr- 
many,  to  be  described  in  the  sequel,  there  is  a  remarkable  difieroice 
in  the  nature  of  the  ejections  composing  the  cones  in  these  two 
regions.     In  the  Eifel,  the  quantity  of  pieces  of  sandstone  and  shsle 
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thrown  oat  from  the  rents  is  often  so  immeiiBe  u  f&r  to  exceed  in 
volume  the  scorin,  pnmice,  and  lava ;  but  I  sought  in  vain  in  the 
cooes  near  Olot  for  a  single  fragment  of  anj  extraneona  rock ;  and 
Don  Francisco  Bolos,  an  eminent  botanist  of  Olot,  informed  me  that 
he  had  never, been  able  to  detect  tmj. 

Volcanic  sand  and  ashes  are  not  confined  to  the  cones,  but  have 
been  sometimee  scattered  b^  the  wind  over  tLe  country,  and  drifted 
into  sarrow  valleys,  as  is  seen 
between  Olot  and  Celtent,  where 
the  annexed  section  (fig.  668.)  is 
exposed.  The  light  cindeiy  vol- 
canic matter  rests  in  thin  re- 
gular  layers,  just  as  it  alighted 
on  the  slope  formed  of  the  solid 
conglomerate.  Ho  fiood  could 
have  passed  tlirough  the  valley 
since  the  scoriie  Ml,  or  these  would  have  been  for  the  most  part 
remove*!.  The  currents  of  lava  in  Catalonia,  like  those  of  Auvergne, 
the  Yivarais,  Iceland,  and  all  monntunons  countries,  are  of  con- 
siderable depth  in  narrow  defiles,  but  spread  out  into  comparatively 
thin  aheeta  in  places  where  the  vtdleys  widen.  If  a  river  has  flowed 
OD  nearly  level  ground,  as  in  the  great  plain  near  Olot^  the  water 
has  only  excavated  a  channel  of  slight  depths  but  where  the  de- 
clivity is  great,  the  stream  has  cut  a  deep  section,  sometinies  by 
penetrating  directly  through  the  central  part  of  a  lava-current,  bat 
more  frequently  by  passing  between  the  lava  and  the  secondary  or 
tertiary  rock  which  bounds  the  valley.  Thus,  in  the  accompanying 
section  (fig.  669.),  at  the  bridge  of  Cellent^  six  miles  east  of  Olot,  we 
see  the  lava  on  one  side  of  the  small  stream ;  while  the  inclined 
stratified  rocks  constitute   the   channel   and  opposite  bank.      The 
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upper  part  of  the  lava  at  that  place,  as  is  usual  in  the  currents  of 
Etna  and  VeBuvins,  is  sconaceous;  farther  down  it  becomes  less 

i,i,,,,,-..i^,Coo>;[e 


540  PLIOCENE  VOLCAIK^  [CB.XXXL 

porous,  and  assumes  a  spheroidal  structure ;  still  lower  it  divides  in 
horizontAl  plates,  each  about  2  inches  in  thickness,  and  is  more 
compact.  Lsstlj,  at  the  bottom  is  a  mass  of  prismatic  basalt  ibcrat 
5  feet  thick.  Tbe  vertical  coluoms  often  rest  immediatelj  on  tlie 
subjacent  stratified  rocks ;  but  there  is  sometimes  an  interrention  of 
•and  and  scoriffl  such  as  cover  the  country  daring  volcanic  eruptions, 
and  which,  unless  protected,  as  here,  hj  superincumbent  lava,  is 
washed  away  from  the  surface  of  the  land.  Sometimes,  the  bed  if 
contains  a  few  pebbles  and  angular  fragments  of  rock ;  in  other 
places  fine  earth,  which  may  have  constituted  an  ancient  vegetable 
soil. 

In  several  localities,  beds  of  sand  and  ashes  are  interposed  between 
the  lava  and  subjacent  stratified  rock,  as  ma;  be  seen  if  we  follow 
the  coarse  of  the  lava-current  which  descends  from  Ias  Plaui 
towards  Amer,  and  stops  two  miles  short  of  that  town.  The  river 
there  has  often  cut  through  the  lava,  and  through  18  feet  of  under- 
lying limestone.  Occasionally  an  aUuvium,  several  feet  thii^  ia 
interposed  between  the  igneous  and  marine  foimations ;  and  it  ia 
interesting  to  remark  that  in  this,  as  in  other  beds  of  pebblei 
occupying  a  similar  position,  there  are  no  rounded  fragments  of 
lava ;  whereas  in  the  most  modem  gravel-beds  of  the  rivers  of  this 
country  volcanic  pebbles  are  abundant 

The  deepest  excavation  made  by  a  river  through  lava,  which  I 
observed  in  this  part  of  Spain,  is  seen  in  the  bottom  of  a  vaUey  near 
San  Feliu  de  PalleriSls,  opposite  the  Castell  de  Stolles.  Ibe  lava 
there  has  filled  up  the  bottom  of  a  valley,  and  a  narrow  ravine  has 
been  cut  through  it  to  the  depth  of  100  feet.  In  the  lower  part  tbe 
lava  has  a  columnar  structure.  A  great  number  of  ages  were  pro- 
bably required  for  the  erosion  of  so  deep  a  ravine ;  but  we  have  do 
reason  to  infer  that  this  current  is  of  higher  antiquity  than  those 
of  the  plain  near  Olot.  The  fall  of  the  ground,  and  consequent 
velocity  of  the  stream,  being  in  this  case  greater,  a  more  considerable 
volume  of  rock  may  have  been  removed  in  the  same  time. 

I  shall  describe  one  more  section  (fig.  670.)  to  elucidate  the  phe- 
nomena of  this  district  A  lava-stream,  flowing  from  a  ridge  of 
hills  on  the  east  of  Olot,  descends  a  considerable  slope,  nndl  it 
reaches  the  valley  of  the  river  Fluvia.  Here,  for  the  fcst  time,  it 
comes  in  contact  with  running  water,  which  has  removed  a  portitm, 
and  laid  open  its  internal  structure  in  a  precipice  about  130  feet  in 
height,  at  the  edge  of  which  stands  the  town  of  Castell  FolUt 

By  the  junction  of  the  rivers  Fluvia  and  Teronel,  the  mass  of  lavs 
has  been  cut  away  on  two  ndes ;  and  the  insular  rock  b  (fig.  6T0-) 
has  been  left,  which  was  probably  never  so  high  as  the  cliff  i,  as  it 
may  have  constituted  the  lower  part  of  the  sloping  side  of  the 
original  current 

From  an  examination  of  the  vertical  clifis,  it  appears  thit  the 
upper  part  of  the  lava  on  which  the  town  is  built  is  scoriaceous, 
passing  downwards  into  a  spheroidal  basalt;  some  of  the  huge 
spheroids  being  no  less  than  6  feet  in  diameter.     Below  thit  is  a 
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more  compact  basalt,  with  cT7Ht&lB  of  olivine.  There  we  in  all  five 
distinct  nuigeg  of  bas&lt,  the  appennoet  spheroidal,  uid  the  rest 
prismatic,  Beparated  hj  thinner  beds  not  colomnar,  and  some  of 
which  are  echistoie.  Tliese  were  probabljr  formed  hj  Buccessive 
flows  of  Uts  whether  dnriog  the  same  emption  or  at  different 
periods.  The  whole  mass  rests  on  alluTinm,  ten  or  twelve  feet  in 
thickness,  composed  of  pebbles  of  limestone  and  quartz,  but  without 
any  intermixture  of  igneous  rocks  ;  in  which  circumstance  alone  it 
appears  to  differ  from  the  modern  gravel  of  the  Fluvia. 

Bufadori.  —  The  volcanic  rocks  near  Olot  have  often  a  caTemous 
stmcture,  like  some  of  the  lavas  of  Etna ;  and  in  many  parts  of  the 
hill  of  Bate^  in  the  environs  of  the  town,  the  sound  returned  by  the 
earth,  when  struck,  is  like  that  of  an  archway.  At  the  base  of  the 
same  hill  are  the  months  of  several  subterranean  caverns,  about 
twelve  in  nnmber,  called  in  the  country  "bufadors;"  from  which  a 
corrent  of  cold  tur  issues  during  summer,  but  in  winter  it  is  sud  to 
be  scarcely  perceptible.  I  visited  one  of  these  bufadors  in  the 
be^nning  of  Aagust,  1830,  when  the  heat  of  the  season  was  un- 
nsnally  intense,  and  found  a  cold  wind  blowing  from  it,  which  may 
easily  be  explained ;  for  as  the  external  air,  when  rarefied  by  heat, 
ascends,  the  pressure  of  the  colder  and  heavier  air  of  the  caverns 
in  the  interior  of  the  mountain  causes  it  to  msh  out  to  supply  its 
pl&ce. 

In  regard  to  the  age  of  these  Spanish  volcanos,  attempts  have 
been  made  to  prove,  that  in  this  country,  as  well  aa  in  Auvergne 
and  the  Eifel,  the  earliest  inhabitants  were  eye-witnesses  to  the 
volcanic  action.  In  the  year  1421,  it  is  said,  when  Olot  was  de- 
stroyed by  an  earthquake,  an  emption  broke  out  near  Amer,  and 
consnmed  the  town.  The  researches  of  Don  Francisco  Bolos  have, 
I  think,  shown,  in  the  most  satisfactory  manner,  that  there  is  no 
good  historical  fbnndation  for  the  latter  part  of  this  story  ;  and  any 
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geologist  irho  has  viaited  Amer  mast  be  conviiu^  that  Qxre  nerer 
wfia  any  eruption  on  that  spot.  It  is  trae  that,  in  the  yett  dxiT« 
mentioned,  the  whole  of  Olot,  with  the  exception  of  a  single  houK, 
was  cast  down  hj  an  earthquake ;  one  of  ttioae  shocks  which,  it 
distant  intorralB  during  the  last  five  centaries,  have  shakai  tbe 
Pyreneet,  and  particularly  the  conntiy  between  Perpignan  aud  OH 
where  the  movements,  at  the  period  ^uded  to,  were  most  Tialent 

The  annihilation  of  the  town  may,  perhaps,  have  been  doe  to  Ibe 
cavernons  nature  of  the  subjacent  rocks ;  for  Catalonia  is  bejroiid 
the  line  of  those  European  earthquakes  which  hare,  within  tk 
period  of  histoiy,  destroyed  towns  throughout  extensive  areas. 

As  we  have  no  historical  records,  then,  to  guide  ns  in  r^atd  to 
the  extinct  volcanos,  we  mnst  appeal  to  geological  monuments.  Tbe 
annexed  diagram  (fig.  671.)  will  present  to  the  reader,  in  a  syvop- 
tical  form,  the  results  obtained  from  nnmeroua  sections. 


iL  Vtwer  aUnTfaa. 


The  more  modem  aUuvium  (d)  is  partial,  and  has  bees  fonned  b; 
the  action  of  rivers  and  floods  upon  the  lava ;  whereas  the  (dder 
gravel  (6)  was  strewed  over  the  country  before  the  volcanic  snip- 
tions.  In  neither  have  any  organic  remuns  been  discovered ;  m 
that  we  can  merely  affirm  as  yet,  that  the  volcatios  broke  ont  iftsr 
the  elevation  of  some  of  the  newest  rocks  of  the  mununBlitit 
(Eocene)  series  of  Catalonia,  and  before  the  formation  of  an  alhi- 
vinm  [d)  of  unknown  date.  The  integrity  of  the  cones  merely 
shows  that  the  conntry  has  not  been  agitated  by  violent  earthquako, 
or  subjected  to  the  action  of  any  great  flood  since  their  origin. 

East  of  Olot,  on  the  Catalonian  coast,  marine  tertiary  itnU 
occur,  which,  near  Barcelona,  attain  the  height  of  about  500  feet 
From  the  shells  which  I  collected,  thne  strata  appear  to  correqniid 
in  age  with  the  Subapennine  beds;  and  it  is  not  improbable  that 
their  apheaval  from  beneath  the  sea  took  place  during  1^  period  of 
volcanic  eruption  round  Olot.  In  that  case  these  emptioDS  miT 
have  occurred  at  the  close  of  the  Older  Pliocene  era,  but  perhipe 
subsequently,  for  their  age  is  at  present  quite  uncertain. 

Vokatiie  roek»  of  the  E^eL  —  The  ohronological  relations  <rf  the 
volcanic  rocks  of  the  Lower  Shine  and  the  Eifel  are  also  involTed 
in  a  considerable  degree  of  ambiguity ;  but  we  know  that  some  p<^ 
tion  of   them  were   coeval  with   certain   tertiary  deposita  called 
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"  Brown-Goal "  bj  the  Gienuana,  vhich  probably  belong  ia  part  to 
the  Miocene,  and  in  part  to  the  Upper  Eocene,  epoch. 

This  Brown-Coal  is  seen  on  both  aides  of  the  Rhine,  in  the  neigh- 
bourhood of  Bonn,  resting  unconformable  on  highly  inclined  and 
vertical  strata  of  Silurian  and  Devonian  rocks,  tts  geographical 
position,  and  the  space  occupied  by  the  volcanic  rocks,  both  of  the 
Westerwald  and  Eifel,  will  be  seen  bj  referring  to  the  map 
(fig.  672.),  for  which  I  am  indebted  to  Mr.  Horner,  whose  residence 
for  some  years  in  the  country  enabled  him  to  verify  the  maps  of 
MM,  Noeggerath  and  Von  Oeynhaosen,  from  which  that  now  given 
has  been  principally  compiled,' 

Fl,.  CTl. 
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llie  BrowQ-Coal  formation  of  that  region  consists  of  beds  of  loose 
sand,  sandstone,  and  conglomerate,  clay  with  nodules  of  clay-iron- 
stone, and  occasionally  silex.  Layers  of  light  brown,  and  sometimes 
black  Ugnit«  are  interetratified  with  the  clays  and  sands,  and  often 

•  Horner,  Tran».  of  Geol  Soe.  Sd  set.  voL  v. 
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irregnlulj  ditfased  throogh  them.  Thej  contain  nitmerous  imjirtt- 
stons  of  loaves  and  atems  of  trees,  uid  are  extenavely  worked  lor 
fuel,  whence  the  name  of  the  formation. 

In  several  places,  lajrers  of  traohjtic  toff  are  interstntified,  and  m 
these  tuffs  are  leaves  of  plants  identical  with  those  foond  in  tba 
brown-coal,  showing  that,  during  the  period  of  the  accnmulation  of 
the  latter,  some  volcanic  products  were  ejected. 

Mr.  Von  Decken  in  his  work  on  the  Siebengebirge  *,  has  giveo  i 
copiouH  list  of  the  ardmal  and  vegetable  remains  of  the  freshwiter 
strata  associated  with  tiie  browij-coaL  Plants  of  the  genera  FlaM- 
laria,  Ceanotkui,  and  Daphnogetu,  including  D.  einnamom^oiia 
(fig.  169.  p.  192.)  occur  in  these  beds,  with  nearly  150  other  plauti, 
if  we  include  all  which  have  been  named  &om  the  somewhat  uncer- 
tain data  furnished  by  leaves.  They  are  referred  for  the  most  part 
to  living  genera,  bnt  to  extinct  species.  Among  the  animal  remains, 
both  vertebrate  and  invertebrate,  many  are  peculiar,  while  some  fev, 
such  as  LitlorineUa  aetUa,  Desh.,  help  to  approximate  these  strata 
with  some  of  the  upper  freshwater  portions  of  the  Mayence  huaa. 
The  marine  base  of  the  Mayence  series  consists  of  sandy  strata 
closely  allied  in  geolt^cal  date,  as  we  have  already  seen,  p.  191.,  to 
the  Limburg  group,  called  Upper  Eocene  in  this  work.  But  in  re- 
gard to  the  Khenish  freshwater  deposits  near  Bonn,  so  large  a  pro- 
portion of  the  plants,  insects,  fish,  batrachians,  and  other  fossils  are 
sach  as  have  been  met  with  nowhere  else,  that  we  cannot  as  yet 
assign  to  them  a  very  definite  place  in  the  chronolc^cal  series. 
They  were  andoubtedly  formed  during  that  long  interval  of  time 
which  separated  the  Nummulitic  from  the  Falunian  tertiary  formations, 
so  that  ^ey  are  newer  than  the  Middle  Eocene,  and  older  than  the 
Miocene  strata  of  our  Table  given  at  page  105.  The  cUfisificaliiHi 
of  the  deposits  belonging  to  this  Interval  must  still  be  regarded  as 
debatable  ground,  very  different  opinions  being  entertained  <m  the 
subject  by  geologists  of  high  authority.  Should  a  passage  be  evm- 
tually  made  out  from  the  tertianes  of  the  norUi  of  Glennany,  on 
which  the  labours  of  M.  Beyrich  have  thrown  so  much  light,  to  the 
&luns  of  the  Loire,  by  the  discovery  of  beds  intermediate  tn  age  and 
paleontological  characters,  the  best  line  of  demarcation  that  we  can 
adopt  is  that  proposed  by  M.  H4bert^  according  to  which  all  the 
Limbnrg  beds,  the  6r^  de  Font^nebleao,  the  lower  part  of  the 
Mayence  basin,  and  the  Hempstead  beds  of  the  Isle  of  Wight  (see 
p.  193.)  are  classed  as  Lower  Miocene,  while  the  Faluns  rank  as 
Upper  Miocene.  Between  these  formations  there  is  still  so  vast  an 
hiatus  that  I  have  thought  it  inexpedient,  for  reasons  before  expkune^ 
to  unite  them  under  a  common  name.| 

*  Oeognost.  BeKhreib.  dei  Siebeoge-      Hsmiltoa,  Seq,   P.   G.  8.,  bu  l«eB 

birget  (m  Khein.  Bonn,  IB93.  pnUished  (OtoL  Quart.  Joira.  nL  x. 

t  Wlula    lliii    ihcM    was    pHsing      p.  SG^X  ^  «4iidi  the  qncadoa  of  JMi> 


throai^  tha   prm,   a   valiuble   p^nr      flcatioii  abors  alluded  U, 

on  the  Brown-Coal  and  other  depostt*      Wbatever  tcimintJogy  b«  sdofttd,  E 
oC  the  MajcncB  Basin,  bj  Williun  J.      wonld  Btnmgiir  nrg*  the  necnitj  of 
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The  fiehea  of  the  brown-coal  near  Bonn  are  Found  in  a  bitnminoBS 
shale,  called  p^ier-coal,  from  being  diviBible  into  extremely  thin 
leaves.  The  individoals  are  very  nameroas ;  but  ib«y  appear  to 
belong  to  a  small  number  of  species,  some  of  which  were  referred  by 
Agiuurig  to  the  genera  Le»eiae%u,  Atpiut,  and  Ftrca.  The  remains  of 
frqgs  also,  of  extinct  epecies,  have  been  discovered  in  the  paper-coal ; 
and  a  complete  series  may  be  seen  in  the  mnsenm  at  Bonn,  from  the 
moet  imperfect  stale  of  the  tadpole  to  that  of  the  fiill^rown  animaL 
With  these  a  salamander,  scarcely  disdngaiahable  from  the  recent 
epedes,  has  been  foimd,  and  the  remains  of  many  insects. 

A  vast  depodt  of  gravel,  chiefly  compoaed  of  pebbles  of  white 
qoartc,  but  containing  also  a  few  fragments  of  other  rocks,  lies  over 
the  brown-coal,  forming  sometimes  only  a  thin  covering,  at  others 
attaining  a  thickoess  of  more  than  100  feeL  This  gravel  is  very 
distinct  in  character  from  that  now  forming  the  bed  of  the  Rhine. 
It  is  called  "  Eiesel  gerolle "  by  Ibe  Germans,  ofW  reaches  great 
elevations,  and  is  covered  in  several  places  with  volcanic  Sections. 
It  is  evident  that  the  country  has  nndergone  great  changes  in  its 
physical  geography  since  this  gravel  was  formed ;  for  its  position 
has  scarcely  any  relation  to  the  existing  drainage,  and  the  great 
valley  of  the  Bliine  and  all  the  more  modem  volcanic  rocks  of  Ihe 
same  region  are  posterior  to  it  in  date. 

Some  of  the  newest  beds  of  volcanic  sand,  pnmice,  and  scorite  are 
interstratifled  near  Andemach  and  elsewhere  with  the  loam  called 
loess,  which  was  before  described  as  being  full  of  land  and  freshwater 
shells  of  recent  spedes,  and  referable  to  the  Post-Pliocene  period.  I 
have  before  hintod  (see  p.  124.)  that  this  intercalation  of  volcanic 
matter  between  beds  fi  loess  may  possibly  be  expluned  without 
supposing  the  last  eruptions  of  the  Lower  Eifel  to  have  taken  place 
so  recently  as  the  era  of  the  deposition  of  the  loess. 

The  igneous  rocks  of  the  Westerwald,  and  of  the  mountains  called 
the  Siebengebirge,  consist  partly  of  basaltic  and  partly  of  trachytic  - 
lavas,  thfi'latter  being  in  general  the  more  ancient  of  tlie  two.  Tliere 
are  many  varieties  of  trachyte,  some  of  which  are  highly  crystaUine, 
reeemUiog  a  coarse-grained  granite,  with  large  separate  crystals  of 
felspar.  Trachytic  toff  is  also  very  abundant  These  formations, 
some  of  which  were  certainly  contemporaneous  with  tne  origin  of 
the  brown-coal,  were  the  first  of  a  long  series  of  eruptions,  the 
vante  recent  of  which  happened  when  the  country  had  acquired 
nearly  all  its  present  geographical  features. 

yiewer  vokant  of  At  E^H.  —  LtJU-cratert.  —  As  I  rec<^ised 
in  tbe  more  modem  volcanoe  of  the  Eifel  characters  distinct  fnm 
any  ^vionsly  observed  by  me  in  those  of  France,  Italy,  or  Spain,  I 
shall  briefly  describe  them.  The  fundamental  rocks  of  the  district 
are  grey  and  red  sandstones  and  shales,  with  some  associated  lime- 
stone^ Te[dele  with  foamls  of  the  Devonian  or  Old  Bed  Sandstone 

Hempitead  bedi  of  the      b«   nainad  Lomr  Mioceiw  or  Upper 
;ht  ud  tbe  LimboTg  Mnta      Eocene, 
period,  whetbar  it 
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group.  The  Tolconos  broke  ont  in  the  midat  of  theM  inclined  ttntt, 
and  Trhen  the  present  Bjstems  of  hills  and  valleTB  had  ahead;  been 
formed.  The  erapttons  occurred  Bometiinea  at  the  bottun  of  deqi 
Tallejs,  sometiinea  on  the  annimit  of  bills,  and  frequeoUj  on  inter- 
Tening  platforms.  In  traveliing  through  t^ia  district  we  often  fall 
upon  them  moat  nnexpectedly,  and  may  find  ouraelres  on  the  t«t7 
edge  of  a  crater  before  we  had  been  led  to  suspect  that  we  were 
approaching  the  site  of  any  igneous  ontburat.  Thus,  for  example, 
on  arriTing  at  the  village  of  Gemund,  immediately  sonth  of  Daim, 
we  leave  the  stream,  which  flows  at  the  bottom  of  a  deep  valley  ia 
which  strata  of  sandstone  and  shale  crop  out  We  then  climb  a  steep 
hill,  on  the  surface  of  which  we  see  the  edges  of  the  same  strata 
dipping  inwards  towards  the  mountun.  When  we  have  aKended  to 
a  considerable  height,  we  see  fragments  of  scoris  sparingly  scattered 
over  the  surface  :  until,  at  length,  on  reaching  the  summit,  we  End 
oursdves  suddenly  on  the  edge  of  a  (am,  or  deep  circalar  lake-baiiD  . 
(see  fig.  673.> 


This,  which  is  called  the  Gemnnder  Maar,  ia  one  of  three  labs 
which  are  in  immediate  contact,  the  same  ridge  forming  the  barris 
of  two  neighbouring  cavities.  Onviewing  the  first  of  these(fig.673-> 
we  recf^ize  the  ordinary  form  of  a  crater,  for  which  we  have  been 
prepared  by  the  occurrence  of  ecorie  scattered  over  the  snrfaee  rf 
the  soiL  But  on  examining  the  walls  of  the  crater  we  find  ^ndptft 
of  sandstone  and  shale  which  exhibit  no  signs  of  the  action  of  heit; 
and  we  look  in  vain  for  those  beds  of  lava  and  soorite^  dipping  in 
oppoute  directions  on  every  side,  which  we  have  been  accustomed  (o 
consider  as  characteristic  of  volcanic  vents.  As  vre  proceed,  however, 
to  the  opposite  side  of  the  lake,  and  afterwards  visit  the  craten  ' 
and  d  (fig.  674.),  we  find  a  considerable  quantity  of  scori«  and  ■on' 
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Uts,  and  see  the  whol*  anrface  of  the  §oil  aparkllng  with  Tolcanio 
Mnd,  and  strewed  with  ejected  fragmenta  of  half-faged  shale,  which 
preaerres  its  laminatad  texture  in  Uie  int«riorj  while  it  has  a  vitrified 
or  Bcorifonn  coating. 

A  few  miles  to  the  south  of  the  lakes  above  mentioned  occnrs  tiie 
Pulvermaar  of  Gillenfeld,  an  oval  lake  of  very  regular  form,  and 
■nrrounded  bj  an  anhrokea  ridge  of  fragmentarj  materials,  consisting 
of  ^ected  shale  and  sandatone,  and  preserving  a  nniform  height  of 
abont  150  feet  above  the  water.  The  side  slope  in  the  interior  is 
at  an  angle  of  abont  45  degrees;  on  the  exterior,  of  3S  degrees. 
Volcanic  snbstances  are  intermixed  very  sparingtj  witfa  the  ^eddons, 
which  in  this  place  entirely  conceal  from  view  the  stratified  rocks  of 
the  country.' 

The  Meerfelder  Maar  is  a  cavity  of  far  greater  uze  and  depth, 
hdlowed  ont  of  similar  sbsta;  the  aides  presenting  some  abrupt 
sections  of  inclined  secondary  rocka,  which  in  other  places  are  bnried 
under  vast  heaps  of  pulverized  shale.  I  coold  discover  no  scoriaj 
amongst  the  ejected  materials,  bnt  bflUs  of  olivine  and  other  volcanic 
substances  are  mentioned  aa  having  been  found. 'f'  Thia  cavity,  which 
we  most  suppose  to  have  discharged  an  immenae  volume  of  gas,  is 
nearly  a  mile  in  diameter,  and  is  said  to  be  more  than  one  hundred 
fftthoma  deep.  In  the  neighbourhood  ia  a  mountain  called  the  Mosen- 
berg,  which  consiste  of  red  sandstone  and  shale  in  its  lower  parts, 
but  supports  on  its  summit  a  triple  volcanic  cone,  while  a  distinct 
current  of  lava  is  seen  descending  the  flanks  of  the  mountain.  The 
edge  of  the  crater  of  the  largest  cone  reminded  me  much  of  the  form 
and  characters  of  that  of  Yesuviua  ;  but  I  waa  much  struck  with  the 
precipitous  and  almost  overhanging  wall  or  parapet  which  the  scoria 
presented  towards  the  exterior,  as  at  a  6  (fig.  675.);  which  I  can 
only  explain  by  supposing  that  fragments  of  red-hot  lava,  as  they  fell 
round  the  vent,  were  cemented  together  into  one  compact  mass,  in 
consequence  of  conUnning  to  be  in  a  half-melted  state. 


Oulllna  ottlis  MoKatxri.  Upptr 


If  we  pass  from  the  Upper  to  the  Lower  Eifel,  from  a  to  b  (see 
map,  p.  543.),  we  find  the  celebrated  lake-crater  of  Laach,  which  has 
a  gTMter  resemblance  than  any  of  those  before  mentioned  to  the 
Lago  di  Bolsena,  and  others  in  Italy,  — being  surrounded  by  a  ridge 
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of  gently  sloping  hiUa,  compoaed  of  loose  to^  accaio,  tad  Uocks  oi 
a  Tftriety  of  lATsa. 

One  of  the  most  interesting  volcsnoa  on  the  left  bank  of  die  Bhine 
near  Bonn  is  called  the  Boderbei^.  It  forms  »  drcnlar  crmter  netHj 
a  quarter  of  a  mile  in  diameter,  and  100  feet  deep,  now  covered  with 
fields  of  com.  The  highly  inclined  strata  of  ancient  sandstone  snd 
shale  rise  even  to  the  rim  of  one  side  of  the  enter ;  bnt  Uiej  are 
overspread  by  qnartsoee  gravel,  and  this  again  is  cov»ed  bj  vokaaic 
scorin  sad  tofiMseoue  sand.  Xbus  oppoaile  mU  of  fLe  enter  is  com- 
posed of  cinders  and  scorified  rock,  like  th&t  at  the  summit  of  Tesn- 
vius.  It  is  quite  evident  that  the  eruption  in  this  case  bnrst  tbnm^ 
the  sandstone  and  alluvium  which  immediatelj  overlies  it;  and  I 
observed  some  of  the  quarts  pebbles  mixed  with  scoria  on  tbe  flanks 
of  the  mountain,  as  if  thej  had  been  cast  op  into  the  air,  and  had 
fallen  again  with  the  volcanic  ashes.  I  have  already  obewed,  that 
a  large  part  of  this  crat«r  has  been  filled  up  with  the  loess  (p.  123.). 

The  most  striking  peculiarity  of  a  great  many  of  die  ccaten  above 
described,  is  the  absence  of  any  signs  of  alt«ntion  or  torre&etioB  m 
their  walls,  when  these  are  composed  of  regnlar  strata  of  ancieot 
sandstone  and  shaie.  It  is  evident  that  the  summits  of  hills  foniKd 
of  the  above-mentioned  stntified  rocks  have,  in  some  cases,  been 
carried  away  by  gaseous  explosions,  while  at  the  same  time  no  lav^ 
and  often  a  very  small  quantity  only  of  scorie,  has  escaped  from  the 
newly  formed  cavify.  There  is,  indeed,  no  feature  in  tiie  EiM  v<d- 
canos  more  worthy  of  not^  than  the  proofs  they  affivd  of  very 
copious  aeriform  discharges,  nuaccompanied  by  the  pouring  out  qf 
melted  matter,  except,  here  and  there,  in  very  insignificant  v<darat. 
I  know  of  no  other  extinct  volcanos  where  gaseous  explosions  of  sndi 
magnitude  have  been  attended  by  theemisnon  ofsosmallaqnanti^ 
of  lava.  Yet  I  looked  in  vain  in  the  Eifel  for  any  appearancta 
which  could  lend  support  to  the  hypothed^  that  the  sodden  nulling 
out  of  such  enonnons  volumes  of  gas  had  ever  lifted  up  the  stratified 
rocks  immediately  around  the  vent,  so  as  to  form  conical  maases, 
having  their  strata  dipping  outwards  on  all  sides  frtun  a  central  axis, 
as  is  assumed  in  the  theory  of  elevation  enters,  alluded  to  in  Cbmp^ 
XXIX. 

Tnua.  —  In  the  Lower  Eifet,  eruptions  of  trachytic  lava  preceded 
the  emission  of  currents  of  basalt^  and  immense  quantities  of  pimice 
were  thrown  oat  wherever  trachyte  issued.  The  tafaceous  alluvimn 
called  trau,  which  has  covered  large  areas  in  this  region  and  choked 
up  some  valleys  now  partially  re-excavated,  is  nnstratified.  Its  base 
consists  almost  entirely  of  pumice,  in  which  are  included  fragnente 
of  basalt  and  other  lavas,  pieces  of  burnt  shale,  slatc^  and  sandstcate, 
and  namerons  trunks  and  branches  of  trees.  If  this  tzass  was  fomed 
dnriog  the  period  of  volcanic  eruptions,  it  may  perhaps  have  origi- 
nated in  the  manner  of  the  moya  of  the  Andes. 

We  may  easily  conceive  that  a  similar  mass  might  now  be  prCK 
duced,  if  a  copione  evolution  of  gases  ahwild  occur  in  one  of  the  )A» 
basins.     The  water  might  remain  for  weeks  in  a  state  of  viaient 
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ebnUidoD,  until  it  became  of  the  conBistencj  of  mud,  just  as  the  sea 
continued  to  be  charged  with  red  mud  round  Graham's  Island,  in  the 
Mediterranean,  in  the  year  1881.  If  a  breach  should  then  be  made 
in  the  side  of  the  cone,  the  flood  would  sweep  awaj  great  heaps  of 
ejected  &«gntenta  of  ehale  and  suidstone,  which  would  be  borne 
down  into  the  a4ioining  vaUeje.  Forests  might  be  torn  np  hy  such 
%  flood,  and  thns  the  occurrence  of  the  nnmerons  trunks  of  treea  dis- 
persed irr^olarlf  through  the  trass,  can  be  explained 

Hatufary. — U.  Beudanl^  in  his  elaborate  work  on  Hungar7,  de- 
scribes fire  distinct  groups  of  volcanic  rocks,  which  although  no- 
where of  great  extent,  form  striking  features  in  the  phjr^cal  geo- 
gr^ih;  of  that  cotintrj,  rising  as  they  do  abruptly  trma  extansiTe 
plains  composed  of  tertiary  strata.  Thej  may  have  constituted 
islands  in  the  ancient  sea,  as  Santorin  and  Milo  now  do  in  the  Gre- 
cian Archipelago ;  and  H.  Beudant  has  remarked  that  the  mineral 
prodncts  of  the  last-mentioned  islands  resemble  remarkably  those  of 
the  Hungarian  extinct  volcanoa,  where  many  of  the  same  minerals, 
IS  opal,  calcedony,  resinous  silex  (tiitx  renMM),  pearlite,  obsidiBn, 
ud  pitchslone  abound. 

The  Hungarian  lavas  are  chiefly  felspathic,  consisting  of  diflerent 
larietiet  of  trachyte ;  many  are  cellular,  and  used  as  millstones ; 
some  BO  porous  and  even  scoriform  as  to  resemble  those  which  have 
istoed  in  the  open  air.  Pnmice  occurs  in  great  quantity ;  and  thero 
■re  conglomerates,  or  rather  breccias,  wherein  fragments  of  trachyte 
■re  bound  together  by  pumiceoua  tatt,  at  sometimes  by  nlex.- 

It  is  probable  that  these  rocks  were  pennsated  by  the  waters  of 
hot  springs,  impr^nated,  like  the  Geysers,  with  silica ;  or  in  some 
instance^  perhaps,  by  aqneoua  vapours,  which,  like  those  of  Z^noe- 
rote,  may  have  precipitated  hydrate  of  silica. 

By  the  influence  of  such  springs  or  vapouia  tbe  trunks  and 
branches  of  trees  washed  down  doring  floods,  and  buried  in  tufib  on 
the  flanks  of  Hie  mountains,  are  supposed  to  have  become  silicifled 
It  is  scarcely  possible,  says  M.  Beudant,  to  dig  into  any  of  the 
pomiceons  deposits  of  these  mountains  withoat  meeting  with  opalized 
wood,  and  sometimes  entire  eUicifled  trunks  of  trees  of  great  sixe 
ind  weight 

It  appears  from  the  species  of  shells  collected  principally  by 
U.  Bou^  and  examined  by  M.  Deshayes,  that  the  fossil  remains  im- 
bedded in  the  vcJcanic  tt^s,  and  in  strata  alternating  with  them  in 
Hungary,  are  of  the  Miocene  type,  and  not  identical,  as  was  formerly 
sapposed,  with  the  fossils  of  the  Paris  basin. 
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CHAPTER  XXXn. 

ON  THK  DIFFEBSNT  AGKS  Or   THK  TOLGANIC  BOCKS eOnAuui. 

Tolcanic  Tocki  or  the  Kiocene,  Uiocece,  and  Eocene  periodi  contiiiiied — A«- 
TBTgne — Mont  Dor — Brecciu  and  aUaTiiiDis  of  Uont  Ferrier,  with  boaci  cf 
qnadmpedi — Hiver  dammed  op  bj  laTa-coiTent — Range  of  minor  eona  fraa 
Anyergne  to  the  ViraraiB — Monta  Dome^Puj  de  CSme — Pny  de  pRfaa— 
Conei  not  denaded  bj  gtoeral  flood — Telay — Bodbi  of  qnadti^edi  boned  m 
Korim — Cantal' — Eocene  ToIcanic  rock* — !Fii£b  near  Clermont — Hill  of  Gcr- 
goria — Trap  of  Cretaceoni  period  —  Oolitic  peiiod  —  Heir  Bed  SandKoia  pe- 
riod— Carboniferoiu  period — Old  Bed  Sandstone  period — "Bock  and  Sjiindk" 
near  St.  Andrew's  —  Silniiaa  period — Cambrian  volcanic  lodU. 

Voletmie  Bockt  of  Auverfftie. — The  exdnct  volcuiM  of  Amope 
and  Cantal  in  Central  Fr^ce  seem  to  have  commenced  thdr  erup- 
tions in  the  Upper  Eocene  period,  bnt  to  have  been  most  actiTe 
dnring  the  Miocene  and  Pliocene  eras.  I  have  already  alladed  to 
the  grand  auccesaion  of  events,  of  which  th^v  is  evidence  is 
Anvergne  since  the  last  retreat  of  the  sea  (see  p.  197.). 

The  earliest  monuments  t^  the  tertiary  period  in  that  r^on  are 
Ucastrine  deposits  of  great  thickness  (2.  fig.  676.  p.  552.),  in  the 
lowest  conglomerates  of  which  are  rounded  pebbles  of  quarts,  miea- 
schist,  granite,  and  other  non-volcanio  rooks,  vrithoat  the  slightest 
intermixture  of  igneous  products.  To  these  conglomerates  sncceed 
argillaceous  and  calcareous  marls  and  Umeatones  (3.  fig.  676.),  con- 
taining Upper  Eocene  shells  and  bones  of  mammalia,  the  higher  beds 
of  which  sometimes  alternate  with  volcanic  tuff  of  ixiDtemporaneoiu 
origin.  After  the  filling  up  or  drunage  of  the  ancient  lake^  huge 
piles  of  trachytic  and  basaltic  rocks,  with  volcanic  breccias,  acni- 
mnlated  to  a  tliicknees  of  several  thousand  feet,  and  were  super- 
imposed upon  granite,  or  the  contiguous  lacnstrine  strata.  The 
greater  portion  of  these  igoeoua  rocks  appear  to  have  originated 
during  the  Miocene  and  Pliocene  periods ;  and  extinct  quadropeds  of 
those  eras,  belonging  to  the  genera  Mastodon,  Rhinoceros,  and  othen, 
were  buried  in  ashes  and  beds  of  alluvial  sand  and  gravel,  which  owe 
their  preservation  to  overapreadlug  sheeta  of  Uv& 

In  Auvergne  the  most  ancient  and  conspicuous  of  tlie  volcanic 
masses  is  Mont  Dor,  which  rests  immediately  on  the  granitic  rocks 
standing  apart  from  the  freshwater  strata.*  This  great  monstaun 
rises  suddenly  to  the  height  of  several  thousand  feet  above  the  sur- 
rounding platform,  and  rebuns  the  shape  of  a  flattened  and  somewhat 


*  See  the  Ui^  p.  19ft. 
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irregnlmr  noaa,  all  the  aides  sloping  more  or  less  r&pidlj,  until  their 
iDclinstioii  is  gntdsallj  lost  in  the  high  plain  aronnd.  This  cone  is 
oompoaed  of  lay  en  of  scorin,  pumice-stones,  and  their  fine  detritns, 
with  interposed  beds  of  trachyte  and  basalt,  vhicb  descend  often  in 
Miintftmiptarl  sheets,  until  they  reach  and  spread  themselves  round 
tbe  base  of  the  mountain.*  Conglomerates,  also,  composed  of  angu- 
lar and  ronnded  fragments  of  igneous  rocks,  are  observed  to  alter- 
nate with  the  above ;  and  the  varionB  masses  are  seeu  to  dip  off  from 
the  central  axis,  and  to  lie  parallel  to  the  sloping  flanks  of  the 
mountain. 

Thesommit  of  Hont  Dor  terminates  in  seven  or  eight  rocky  peaks, 
where  no  r^pilar  crater  can  now  be  traced,  bnt  where  we  may  easily 
imagine  one  to  have  eziBted,  which  may  have  been  shattered  by 
earthquakes,  and  have  sufiered  degradation  by  aqueous  agents.  Ori- 
ginally, perhaps,  like  the  highest  crater  of  Etna,  it  may  have  formed 
an  insignificant  feature  in  the  great  pile,  and  may  frequently  have 
been  destroyed  and  renovated.  ' 

According  to  same  geologists,  this  mountain,  as  well  as  Vesuvius, 
Etna,  and  all  large  volcanos,  has  derived  its  dome-like  form  not  from 
tbe  preponderance  of  eraptious  from  one  or  more  central  points,  but 
from  the  upheaval  of  horizontal  beds  of  lava  aud  scorie.  I  have 
explained  my  reasons  for  objecting  to  this  view  in  Chap.  XXIX., 
when  speaking  of  Pslma,  and  in  the  Principles  of  Geology.^  The 
average  inclination  of  the  dome-shaped  mass  of  Mont  Dor  is  8°  6', 
whereas  in  Mounts  Loa  andKea,  before  mentioned,  in  the  Sandwich 
Islands  (see  fig.  640.  p.  494.),  the  flanks  of  which  have  been  raised 
by  recent  lavas,  we  find  from  Mr.  Dana's  description  that  the  one 
has  a  slope  of  6°  30',  the  other  of  7°  46'.  We  may,  therefore, 
reasonably  question  whether  there  is  any  absolute  necessity  for  sup- 
posing that  the  basaltic  currents  of  the  ancient  French  volcano  were 
at  first  more  horicontal  than  they  are  now.  Nevertheless  it  is  highly 
probable  that  during  the  long  series  of  eruptions  required  to  give 
rise  to  so  vast  a  pile  of  volcanic  matter,  which  is  thickest  at  the 
summit  or  centre  of  the  dome,  some  dislocation  and  upheaval  took 
place ;  and  during  the  distension  of  the  mass,  beds  of  lava  and  scorite 
may,  in  some  places,  have  acquired  a  greater,  in  others  a  less  incli- 
nation, than  that  which  at  first  belonged  to  them. 

Respecting  the  age  of  the  great  mass  of  Mont  Dor,  we  cannot 
come  at  present  to  any  positive  decision,  because  no  organic  remains 
bare  yet  been  found  in  the  tuf^  except  impressions  of  the  leaves  of 
trees  of  species  not  yet  determined.  We  may  certainly  conclude^  that 
the  earliest  eruptions  were  posterior  in  origin  to  those  grits  and  con- 
glomerates of  the  freshwater  formation  of  the  Limagne  which  contain 
no  pebbles  of  volcanic  rocks ;  while,  on  the  other  hand,  some  erup- 
tions took  place  before  the  great  lakes  were  drained,  and  others 

■  Scrope's  Cential  I^ancc,  f.  9S. 
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occurred  after  the  desiccsdon  of  those  lakes,  and  when  deep  nDeji 
had  alreadj  been  excavated  through  freahTBter  Btrata. 

In  the  annexed  section,  I  hitve  eadeavonred  to  explun  the  geobgkal 
structure  of  a  pcnrtion  of  Anvei^e,  which  I  re-examined  in  1843.» 


It  maj  convey  some  idea  to  the  re&der  of  the  long  and  complicated 
series  of  events,  which  have  occurred  in  that  conntry,  unce  the  fiist 
Itcuetrine  strata  (No.  2.)  were  deposited  on  the  granite  (No.  1.}.  Tie 
changes  of  which  we  have  evidence  are  the  more  striking,  becatue 
they  imply  great  denudation,  without  there  being  any  proofs  of  the 
intervention  of  the  sea  during  the  whole  period.  It  will  be  seen 
that  the  upper  freshwater  beds  (No.  3.),  once  formed  in  a  lake,  most 
have  suffered  great  destruction  before  the  excavation  of  the  valleys  i^ 
the  Couze  and  Allier  had  begun.  In  these  freshwater  beds.  Upper 
Eocene  fossils,  as  described  in  Chap.  XV.,  have  been  found,  lie 
basaltic  dike,  4',  is  one  of  many  examples  of  the  intrusion  of  volcanic 
matter  through  the  Eocene  freshwater  beds,  and  may  have  been  of 
Upper  Eocene  or  Miocene  date,  giving  rise,  when  it  reached  the 
surface  and  overflowed,  to  such  platforms  of  basalt,  as  often  cap  the 
tertiary  hills  in  Auvergne,  and  one  of  which  (4)  is  seen  on  Mont 
Perrier. 

It  not  unfrequently  happens  that  beds  of  gravel  conttuning  bones 
of  extinct  mammalia  are  detected  under  these  very  ancient  sheets  ot 
basalt,  as  between  No.  4.  and  the  freshwater  strata,  Na  3.,  at  a,  from 
which  it  is  clear  that  the  surface  of  No.  3.  formed  at  that  period  the 
lowest  level  at  which  the  waters  then  draining  the  country  flowed. 
Next  in  age  to  this  basaltic  platform  comes  a  patch  of  ochreoiu  nod 
and  gravel  (No.  6.),  ctwtuning  many  bones  of  quadrupeds.  Upon 
this  rests  a  pumiceoua  breccia  or  conglomerate,  with  angular  masses 
of  trachyte  and  some  quartz  pebbles.  Hiia  deposit  is  followed  by  5  & 
(which  is  similar  to  5)  and  5  c  similar  to  the  trachytic  breccia  S  a. 
These  two  breccias  are  supposed,  from  their  similarity  to  others  foand 
on  Mont  Dor,  to  have  descended  from  the  flanks  of  that  moualaiii 
*  Bee  Qnarteriy  Oeol.  Joam.  nd.  iL  p.  77. 
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during  eraptiona ;  aod  tlte  intamtntifled  kUavial  depoeita  contein  the 
TemuDB  of  mastodon,  rhinoceros,  tapir,  deer,  be«ver,  wad  qnadrupeda 
of  other  genera,  referable  to  about  fortj'  Bpeoiea,  all  of  which  are 
extinct  I  formerly  euppoeed  them  to  belong  to  the  sune  era  as  the 
Miocene  falnns  of  Touraine ;  but,  whether  they  maj  not  rather  be 
ascribed  to  the  older  Pliocene  epoch  is  a  qneatiaii  which  farther  in- 
quiriee  and  comparigonH  must  determine. 

Whatever  be  their  date  in  the  tertdaiy  aeries,  they  are  qnadrnpeds 
which  inhabited  the  country  when  the  formations  5  and  5  e  ori- 
ginated. Probably  they  were  drowned  during  floods,  such  as  rash 
down  the  flanks  of  volcanos  during  eruptions,  when  great  bodies  of 
steam  are  emitted  from  the  ctster,  w  when,  as  we  have  seen,  both  on 
Etna  and  in  Iceland  in  modem  times,  large  masses  of  snow  are  sud- 
denly melted  by  lava,  causing  a  deluge  of  water  to  bear  down  frag- 
ments of  igneous  rocks  mixed  with  mud  to  the  valleys  and  plains 
below. 

It  wiU  be  seen  that  the  valley  of  the  Issoiie,  down  which  these 
ancient  inundations  swept,  was  first  excavated  at  the  expense  of  the 
fonnfttions  2,  3,  and  4,  and  then  filled  up  by  the  masses  5  and  5  e, 
after  which  it  was  re-excavated  before  the  more  modem  alluviums 
(Nos.  6.  and  7.)  were  formed.  In  these  again  other  fossil  mammalia 
of  distinct  species  have  been  detected  bjM.Bravard,  the  bones  of  as 
hippopotamus  having  been  found  among  the  rest 

At  length,  when  the  valley  of  the  Allier  was  eroded  at  Issoire  down 
to  its  lowest  level,  a  talus  of  angular  fragments  of  basalt  and  fresh- 
wmter  limestone  (Na  6.)  was  formed,  called  the  bone-bed  of  the  Tour 
de  Boulade,  from  which  a  great  many  other  mammalia  have  been 
collected  by  UM.  Bravard  and  PomeL  In  this  assemblage  the  Ek' 
pktu  prvuigeniut,  Rhmoeerot  tiehoriniti,  Deer  (including  rein-deer), 
EqwtM,  Boa,  Antelope,  FeUt,  and  Camt  were  incladed.  Even  this 
deposit  seems  hardly  to  be  the  newest  in  the  neighbourhood,  for  if  we 
crosa  from  the  town  of  Issoire  (see  fig.  676.)  over  Mont  Perrier  to  the 
adjoining  valley  of  the  Couze,  we  find  another  bone-bed  (No.  9.), 
overlaid  by  a  current  of  lava  (So.  10.), 

The  history  of  this  lara-current,  which  terminates  a  few  hundred 
yftrds  below  tibe  poiat  Na  10.,  in  the  suburbs  of  the  village  of  Nechers, 
is  interesting.  It  forms  a  long  narrow  stripe  more  than  13  miles  in 
length,  at  the  bottom  of  the  valley  of  the  Cooie,  which  flows  out  of  ft 
l^e  at  the  foot  of  Hont  Dor.  This  lake  is  caused  by  a  barrier 
thrown  across  the  ancient  channel  of  the  Conse,  consisting  partly  of' 
the  volcanic  cone  called  the  Pay  de  Tartaret,  formed  of  loose  ecorie, 
from  the  base  of  which  has  issued  the  lava-current  before  mentioned. 
The  materials  of  the  dam  which  blocked  up  the  river,  and  caused  the 
Iac  de  Chambon,  are  also,  in  part,  derived  from  a  land-shp  which  may 
hftve  h^pened  at  the  time  of  thegreatemptionwhich  formed  the  cone. 

This  cone  of  Tartaret  affords  an  impressive  monument  of  the  very 
different  dates  at  which  the  igneous  eruptions  of  Anvergne  have 
happened ;  for  it  was  evidently  thrown  np  at  the  bottom  of  the  exist- 
ing  valley,  which  is  boooded  by  lof^  precipices  composed  of  sbeetB 
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of  andeiit  eolmnnar  trsefaTle  and  bualt,  which  once  flowed  tt  ray 
higb  Iffvela  from  Mont  Dor.* 

Whea  we  follow  the  coane'  of  the  river  Conze,  from  its  Moree  in 
the  lake  of  Chambon  to  the  temiliiation  of  the  lava-enmot  it 
Nechers,  a  distance  of  thirteen  miles,  we  find  that  the  torrent  hit  in 
most  places  cnt  a  deep  channel  through  ttie  lava,  the  lower  portion  of 
which  is  columnar.  In  some  narrow  gorges  the  water  has  eren  bad 
power  to  remove  the  entire  mass  of  basaltic  rock,  though  the  yfoA  of 
erosion  must  have  been  very  slow,  as  the  basalt  is  tough  and  hard,  tod 
one  column  afl«r  another  mnst  have  been  undermined  and  redoeed 
to  pebbles,  and  then  to  sand.  Dnring  the  time  required  for  tbit 
operation,  the  perishable  cone  of  Tartaret,  composed  of  sand  and 
ashes,  has  stood  nninjored,  proving  that  no  great  flood  or  deluge  can 
have  passed  over  this  region  in  the  interval  between  the  eraption  of 
Tartaret  and  our  own  times. 

If  we  now  return  to  the  section  (fig.  676.),  I  may  observe  thit  tlie 
lava'Current  of  Tartaret,  which  has  diminished  greatly  in  heightud 
Tolame  near  its  termination,  presents  here  a  ste^  and  perpendieolir 
face  25  feet  in  height  towards  the  river.  Beneath  it  is  the  ■Unrimn 
No.  9.,  consisting  of  a  red  sandy  clay,  which  must  have  covered  the 
bottom  of  the  valley  when  the  current  of  melted  rock  flowed  down. 
Ibe  bones  fonnd  in  this  alluvium,  which  I  obtained  myself,  conoBted 
of  a  species  of  field-mouse,  jirvieola,  and  the  molar  tooth  of  in  ex- 
tinct horse,  Eqatu  /ouilit.  The  other  species,  obtained  from  lbs 
same  bed,  are  referable  to  the  genera  Sta,  Bos,  Cervut,  F^  Gb^ 
Maries,  Talpa,  Sorex,  Lepiu,  Sdurvs,  Mvs,  and  Lagomyt,  in  all  no 
less  than  fortytbree  species,  all  closely  allied  to  recent  animals,  jtt 
nearly  all  of  them,  according  to  M.  Bravard,  showing  some  ptEnti  of 
difiereoce,  hke  those  which  Mr.  Owen  discovered  in  the  case  of  tbe 
horse  above  alluded  to.  The  bones,  also  of  a  frog,  snake,  and  liiard, 
and  of  several  birde^  ware  associated  with  the  fossils  before  ennmented, 
and  several  recent  land  shells,  euch  as  Cyclostoma  degans,  ffdit  ^"^ 
tensU,  H.  nemoralis,  H.  lapicida,  and  ClavsUia  rmgota.  If  ^ 
animals  were  drowned  by  floods,  which  accompanied  the  emptioiu  rf 
the  Puy  de  Tartaret,  they  would  give  an  exceedingly  modem  ge^^ 
gical  date  to  that  event,  which  must,  in  that  case,  have  belonged  to 
the  Kewer-Fliocene,  or,  perhaps,  the  Fost-Pliocene  period.  That  the 
onrrent  which  has  issned  trom  the  Pay  de  Tartaret,  may  nererthelM 
be  very  ancient  in  reference  to  the  events  of  hnman  history,  we  m>y 
conclude,  not  only  &om  the  divergence  of  the  mammiferou)  ban* 
from  that  of  our  day,  bnt  from  the  fact  that  a  Roman  bridge  of  ntli 
form  and  construction  as  continned  in  use  down  to  the  flftb  eetMrji 
bnt  which  may  be  older,  is  now  seen  at  a  place  about  a  mile  and  > 
half  from  St.  Nectaire.  Iliis  ancient  bridge  spans  the  river  Coin 
with  two  arches,  each  about  14  feet  wide.  These  arches  spring  from 
the  lava  of  Tartaret,  on  bo&  banks,  showing  that  a  ravine  preowlj 
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like  that  now  exietuig,  bad  already  been  excavated  hy  the  liTer 
through  that  lava  thirteen  or  fonrteen  centnriei  ago. 

jbi  Central  France  there  are  Mreral*  handred  minor  cones,  like  that 
of  Tartaret,  a  great  number  of  wbich,  like  Monte  Nooto,  near  N^itee, 
may-  have  been  principaTlj'  due  to  a  single  eruption.  Most  of  these 
cones  range  in  a  linear  direction  from  AuTergne  to  the  VtraraiS)  and 
they  were  faitbfiillj  described  so  early  as  the  year  1802,  by  M.  de 
MoDtloeier.  They  have  given  rise  chiefly  to  correntB  of  baaaltio 
lava.  Those  of  Auvergne  called  the  Uonts  Dome,  placed  on  a  gra- 
nitic platform,  form  an  irregular  ridge  (see  fig.  621.  p.  466.),  about  18 
milee  in  length  and  2  in  breadth.  "Diey  are  usually  truncated  at 
the  eummit,  where  the  crater  is  often  preserved  entire  the  lava  having 
issued  from  the  base  of  the  bill.  But  frequently  the  crater  is  broken 
down  on  one  side,  where  the  lava  has  flowed  oat  Ihe  hills  are  com- 
posed of  loose  scoriffi,  blocks  of  lava,  l^illi,  and  pozzuolana,  with 
fragments  of  trachyte  and  granite. 

I\^  de  C6me. — The  Fuy  de  C6me  and  its  lava-current,  near 
Clermonl^  may  be  mentioned  as  one  of  these  minor  voIcanoB.  This 
conical  hill  rises  Stotn  the  granitic  platform,  at  an  angle  of  between 
3(F  and  40°,  to  the  height  of  more  than  900  feet.  Its  summit  pre- 
sents two  distinct  craters,  one  of  them  with  a  vertical  depth  of  250 
feet.  A  stream  of  lava  takes  its  rise  at  the  western  base  of  the  hill, 
instead  of  issaiag  from  either  crater,  and  descends  the  granitic  slope 
towards  the  present  site  of  the  town  of  Pont  Gibaud.  Thence  it 
poura  in  a  broad  sheet  down  a  steep  declivity  into  the  valley  of  the 
Sioule,  filling  the  ancient  river-channel  for  the  distance  of  more  than 
a  nule.  The  Sioule,  thus  dispossessed  of  its  bed,  has  worked  out  a 
fireeh  one  between  the  lava  and  the  granite  of  its  western  bank  (  and 
the  excavation  has  disclosed,  in  one  spot,  a  wall  of  oolamnnr  basalt 
about  50  feet  high.* 

The  excavation  of  the  ravine  is  sdll  in  progress,  every  winter  some 
columns  of  basalt  being  undermined  and  carried  down  the  channel 
of  the  river,  and  in  the  course  of  a  few  miles  rolled  to  sand  and 
pebbles.  Meanwhile  the  cone  of  CAme  remains  unimpaired,  its 
loose  materials  being  protected  by  a  dense  vegetation,  and  the  hill 
standing  on  a  ridge  not  commanded  by  any  higher  ground,  so  that  no 
floods  of  rsln-water  can  descend  upon  iL  There  ia  no  end  to  the 
waste  which  the  hard  basalt  may  undergo  in  futnre,  if  the  physical 
geography  of  the  country  continue  unchanged,  no  limit  to  the  number 
of  years  during  which  the  heap  of  incoherent  and  transportable 
materials  called  the  Puy  de  C6me  may  remain  in  a  stationary  con- 
dition. In  this  place,  therefore,  we  behold  in  the  results  of  aqueous 
and  atmospheric  agency  in  past  times,  a  counterpart  of  what  we 
must  expect  to  recur  in  future  ages. 

Lata  of  Chaluxet. — At  another  point,  farther  down  the  conrse  of 
tbe  Sioule,  we  find  a  second  illustration  of  the  same  phenomenon  in 
the  Puy  Bouge,  a  conical  hill  to  the  north  of  the  village  of  Pranal, 

*  Scrope'i  Csntral  E^vnce,  p.  60.,  and  plate, 
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The  axe  is  composed  eatirelj  of  red  uid  black  scorue,  tn^  and  toI- 
cftnic  bombs.  Od  its  western  aide,  towuda  the  village  of  Cbilutl, 
there  ii  a  wom-down  crater,  whence  a  powerful  stream  of  Itn  hu 
issued,  and  flowed  into  the  valley  of  the  Sionle.  The  river  lua  rince 
excavated  a  ravine  through  the  lava  and  subjacent  gneiu,  lo  the 
depth  in  some  places  of  400  feet 

On  the  upper  part  of  the  precipice  forming  the  left  side  of  tbu 

ravine,  we  see  a  great  maae  of  black  and  red  scoriaceous  Ian  Ix- 

cooiing  more  and  more  eolomnar  towards  its  base.   (Seefig.SH.). 

nt.m. 


Below  this  is  a  bed  of  sand  and  gravel  3  feet  thick,  evideatl;  u 
ancipnt  river-bed,  now  at  an  elevation  of  25  feet  above  the  chinMi 
of  the  Sioule.  This  gravel,  from  which  water  gushes  out,  rests  upcn 
gneiss,  f,  which  has  been  eroded  to  the  depth  of  25  feet  at  the  p^^ 
where  the  annexed  view  is  taken.  At  d,  close  to  the  village  of  Lm 
Combres,  the  entrance  of  a  gallery  is  seen,  in  which  lead  h*s  bwD 
worked  in  the  gneiss.  This  mine  shows  that  the  pebble-bed  is  w^" 
tinnoQS,  in  a  horizontal  direction,  between  the  gneiss  and  the  volcwit 
mass.  Here  again  it  is  qnite  evident,  that,  while  the  basalt  vu  P*' 
iaaUy  nndermined  and  carried  away  by  the  force  of  running  **'^' 
the  cone  whence  the  lava  issned  escaped  destruction,  because  iteto"! 
upon  a  platform  of  gneiss  several  hundred  feet  above  the  lerel'>f"'° 
valley  in  which  the  force  of  running  water  was  exerted. 

Pmf  de  ParioM.— The  brim  of  the  crater  of  the  Puy  de  Pin""' 
near  Clermont,  is  so  sharp,  and  has  been  so  little  blunted  1?  """^ 
that  it  scarcely  aSbrds  room  to  stand  upon.    This  and  other  cone" 

■  X-Tell  and  MnrcUsoo,  Ed.  New  FhiL  Jouni.  ISSB. 
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in  sn  eqiutU;  remv^ble  8Ut«  of  integrity  have  stood,  I  conceirei 
uninjured,  not  m  tpite  of  their  loose  porous  nature)  as  might  at  flrat 
be  naturallj  supposed,  bat  in  conBeqaetice  of  it.  No  rilla  can  collect 
where  all  Uie  rain  is  instant];  absorbed  by  the  sand  and  scoriie,  as  is 
remarkably  the  case  on  Etna;  and  nothing  but  a  waterspout  breaJt- 
ing  directly  upon  the  Fny  de  Pariou  could  carry  away  a  portion  of 
the  hill,  so  long  as  it  is  not  rent  or  engolphed  by  earthquakes. 

Hence  it  is  conceivable  that  even  those  conee  which  hare  the 
freshest  aspect  and  most  perfect  shape  may  lay  claim  to  very  high 
antiqui^.  Dr.Danbeny  has  justly  observed,  that  had  any  of  these 
volcanos  been  in  a  state  of  activity  in  the  age  of  Julius  Cesar,  that 
general,  who  encamped  upon  the  plains  of  Auvergne,  and  laid  siege 
to  its  principal  city  (Gergovia,  near  Clermont),  could  hardly  have 
failed  to  notice  them.  Had  there  been  any  record  of  their  eruptions 
in  the  time  of  Fliny  or  Sidonius  Apollinaris,  the  one  would  scarcely 
have  omitted  to  ms^e  mention  of  it  in  his  Natural  History,  nor  the 
other  to  introduce  some  allusion  to  it  among  the  descriptions  of  this 
hia  native  province.  This  poet's  residence  was  on  the  borders  of  the 
Lake  Aidat,  which  owed  its  very  existence  to  the  damming  up  of  a 
river  by  one  of  the  most  modem  lava-currents.* 

Velay. — The  observations  of  M.  Bertrand  de  Dotte  have  not  yet 
eatabli^ed  that  any  of  the  most  ancient  volcanos  of  Velay  were  in 
action  during  the  Eocene  period.  There  are  beds  of  gravel  in  Velay, 
as  in  Anvergne,  covered  by  lava  at  different  heights  above  the  chan- 
nel of  the  existing  rivers.  In  the  highest  and  most  ancient  of  these 
alluviums  the  pebbles  are  exclusively  of  granitic  rocks  ;  but  in  the 
newer,  which  are  found  at  lower  levels,  and  which  originated  when 
the  valleys  had  been  cut  to  a  greater  depth,  an  intermixture  of  vol- 
canic rocks  has  been  observed. 

At  St  Frivat  d'Allier  a  bed  of  volcanic  scorice  and  tuff  was  dis- 
covered by  Dr.  Hibbert,  inclosed  between  two  sheets  of  basaltic  lava ; 
and  in  this  tuff  were  found  the  bones  of  several  quadrupeds,  some  of 
them  adhering  to  masses  of  slaggy  lava.  Among  other  animals  were 
WiinoctTOM  leptorhinut,  Hytena  Mpelaa,  and  a  species  allied  to  the 
■potted  hjtena  of  the  Cape,  together  with  four  undetermined  species 
c^  deer.  The  muiner  of  the  occurrence  of  these  bones  reminds  ua 
of  the  published  acconnts  of  an  eruption  of  Coseguina,  1835,  in 
Central  America  (see  p.  525.]^  during  which  hot  cinders  and  scoria 
feD  uid  scorched  to  death  great  numbers  of  wild  and  domestic  ani- 
mals and  birds. 

I^omh  du  CaiUoL — In  regard  to  the  age  of  the  igneous  rocks  of 
the  Cantal,  we  can  at  present  merely  affirm,  that  they  overlie  the 
(Upper?)  Eocene  lacustrine  strata  of  that  country  (see  Map,  p.  196.). 
They  form  a  great  dome-shaped  mass,  having  an  average  slope  of 
only  4°,  which  has  evidentiy  been  accumulated,  like  the  cone  of 
Etna,  during  a  long  series  of  eruptions.  It  is  composed  of  trachytic, 
phonolitic,  and  basaltic  lavas,  tuffs,  and  conglomerates,  or  breccias, 

*  DanlwDj  on  VdIcbium,  p.  1 4. 
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forming  a  mountun  Mveral  thoasand  feet  in  height  Dikes  ilso  of 
phonolite,  trachyte,  and  basalt  are  numerons,  espociaUy  in  the  neigh- 
bourhood of  the  large  cavity,  probably  once  a  crater,  around  vbidi 
the  loftiest  suminitB  of  the  Cantal  are  ranged  circularly,  few  of  them, 
except  the  Plomb  dn  Cantal,  riaing  far  above  the  border  or  ridge  of 
thia  supposed  crater.  A  pyramidal  hill,  called  the  Puy  Griou,  occn- 
piea  the  middle  of  the  cavity.*  It  ia  clear  that  the  volcano  of  the 
Cantal  broke  out  predsely  on  the  site  of  the  lacnstrine  deposit  be- 
fore described  (p.  205.),  which  had  accumulated  in  a  depression  of  i 
tract  composed  of  micoceoaa  achiat.  In  the  breccias,  even  to  the 
very  anmmit  of  the  mountain,  we  find  ejected  masaea  of  the  fresh- 
water beds,  and  sometimes  fragments  of  flint,  containing  Eoceae 
shells.  Volleya  radiate  in  all  directions  from  tlie  central  heights  of 
the  mountain,  increasing  in  size  as  they  recede  from  those  heigbta. 
Those  of  the  Cer  and  Jourdanne,  which  are  more  than  20  miles  in 
length,  are  of  great  depth,  and  lay  open  the  geological  atractnre 
of  the  monntain.  Ko  alternation  of  lavas  with  undisturbed  Eocene 
strata  has  been  observed,  nor  any  tuffs  containing  freshwater  shellB, 
although  some  of  these  tuK  include  fossil  rsmains  of  terresbiil 
plants,  said  to  imply  several  distinct  restorations  of  the  vegetatioo 
of  the  mountain  in  the  intervals  between  great  eruptions.  On  the 
northern  side  of  the  Plomb  du  Cantal,  at  La  Visaiere,  near  Morale  is 
a  spot,  pointed  out  on  the  Map  (p.  196.),  where  freshwater  limestooe 
and  marl  are  seen  covered  by  a  thickness  of  about  800  feet  rf  vol- 
canic rock.  Shifts  are  here  seen  in  the  strata  of  limestone  and 
morl.f 

In  treating  of  the  lacustrine  deposits  of  Central  France,  in  the 
fifteenth  chapter,  it  was  stated  that,  ia  the  arenoceoos  and  pebbly 
group  of  the  lacustrine  basins  of  Auvergne,  Cantal,  and  Velay,  no 
volcanic  pebbles  had  ever  been  detected,  although  massive  piles  of 
igneous  rocks  are  now  found  in  the  immediate  vicini^.  As  this 
obaervatioD  has  been  confirmed  by  minute  research,  we  are  warranted 
in  inferring  that  the  volcanic  Eruptions  hod  not  commenced  wben 
the  older  subdivisions  of  the  &eahwater  gronps  originated. 

In  Cantal  and  Velay  no  decisive  proofs  have  yet  been  brought  to 
light  that  any  of  the  igneona  outbursts  happened  during  the  depD- 
ntion  of  the  freshwater  strata;  but  there  can  be  no  doubt  that  is 
Auvergne  some  volcanic  oxplouona  took  place  before  the  drainage 
of  the  lakes,  and  at  a  time  when  the  Upper  Eocene  apecies  of  animslf 
and  plants  still  flourished.  Thus,  for  example,  at  Pont  du  Chateao, 
near  Clermont,  a  section  Is  seen  in  a  precipice  on  the  right  bonk  of 
the  river  AUier,  in  which  beds  of  volcanic  tuff  alternate  with  a  fresb- 
water  limestone,  which  is  in  some  places  pare,  but  in  others  spotted 
with  fragments  of  volcanic  matter,  as  if  it  were  deposited  vhils 
ahowera  of  aand  and  scoriss  were  projected  firom  a  Deighbooring 
vent.} 

■  Ulm.  do  la  Soc.  QteL  de  Fnnce,  f  See  L^dl  and  MTirrlii»»i,  Am-  di 

torn.  i.  p.  ITS.  ScL  NaL,  Oct.  1839. 

}  See8cti^'tCeiitt«inru>c4F.11- 
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Another  example  occurs  in  the  Pay  de  Marmont,  near  Vejrea, 
where  a  freshwater  marl  alt«matea  with  volcanic  tuff  containing 
Eocene  shells.  The  tuff  or  breccia  in  this  locality  is  precisely  such 
•e  ia  known  to  result  from  volcanic  ashes  falling  into  water,  and  sub- 
siding t<^ther  with  ejected  fragments  of  marl  and  other  stratified 
rocka.  These  tuffs  and  marls  are  highly  inclined,  and  traversed  by 
a  thick  vein  of  basalt,  which,  as  it  rises  in  the  hill,  divides  into  two 
branches. 

Gtrgoeia.  —  The  hill  of  Gergovia,  near  Clermont,  affords  a  third 
example.  I  agree  with  MM.  Dufr^noy  and  Jobert  that  there  is  no 
alternation  here  of  a  contemporaneous  sheet  of  lava  with  freshwater 
strata,  in  the  manner  supposed  by  some  other  observers* ;  but  the 
position  and  contents  of  some  of  the  associated  tuffs,  prove  them  to 
have  been  derived  from  volcanic  eraptionB  which  occurred  during  the 
deposition  of  the  lacustrine  strata. 

The  bottom  of  the  hill  consists  of  slightly  inclined  beds  of  white 
and  greenish  marls,  more  than  300  feet  in  thickness,  intersected  by  a 
dike  of  basalt,  which  may  be  studied  in  the  ravine  above  the  village 
of  Merdogne.  The  dike  here  cuts  through  the  marly  strata  at  a  con- 
aiderable  angle,  producing,  in  general,  great  alteration  and  confusion 
in  them  for  some  distance  from  the  point  of  contact     Above  the 


white  and  green  marls,  a  Bcries  of  beds  of  limestone  and  marl,  con- 
tuning  freshwater  shells,  are  seen  to  alternate  with  volcanic  tuff. 
In  the  lowest  part  of  this  division,  beds  of  pure  marl  alternate  with 
compact  fissile  tuff,  resembling  some  of  the  subaqueous  tuffs  of  Italy 
and  Sicily  called  peperinoi.  Occasionally  fragments  of  acorim  are 
visible  in  this  rock.  Still  higher  is  seen  another  group  of  some 
thickness,  consisting  exclusively  of  tuff,  upon  which  lie  other  marly 
strata  intermixed  with  volcanic  matter.  Among  the  species  of  fossil 
■faellB  which  I  found  in  these  strata  were  Melania  mf/vmata,  a  Unio, 

•  See  8crop«'i  Centml  Fnacc,  p.  7. 
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and  a  Metaiiopsu,  but  thej  vere  not  saScient  to  eokble  me  to  deter- 
mine with  precision  the  age  of  the  formation. 

There  are  manj  points  in  Auvergne  where  igneooa  rocki  hive 
been  forced  b;  subsequent  injection  through  cla^  and  mtilj  Ume- 
Btones,  in  such  a  manner  that  the  Trhole  has  become  blended  in  one 
confused  and  brecdated  mass,  between  which  and  the  basalt  tliera  ii 
sometimes  no  yerf  distinct  line  of  demarcation.  Jn  the  cavitiei  tf 
such  mixed  rocks  we  often  find  calcedony,  and  crystals  of  meso^p^ 
stilbite,  and  arragonite.  To  formations  of  this  clsaa  may  belong  aome 
of  the  breccias  immedUtelj  adjoining  the  dike  in  the  hill  of  Ger- 
govia  ;  but  it  cannot  be  contended  that  the  Tolcanic  sand  and  scoria 
interstratified  with  the  marls  and  limestones  in  the  Qpper  partofdiit 
hill  were  introduced,  like  the  dike,  subsequentlj,  by  intrasiaD  &om 
below.  They  mnst  have  been  thrown  down  like  sediiuent  from  wUer, 
and  can  only  have  resulted  from  igneons  action,  which  was  goisg 
on  contemporaneously  with  the  deposition  of  tlie  lacustrine  stnts. 

The  reader  will  bear  in  mind  that  this  conclusion  agrees  well  with 
the  proo&,  adverted  to  in  the  fifteenth  chapter,  of  the  abnsdiiMe  of 
silex,  travertin,  and  gypsum  precipitated  when  the  npper  lacustrine 
strata  were  formed ;  for  these  rocks  are  such  as  the  waters  of  minenl 
and  thermal  springs  might  goierata 

Cretaeeotu  period. — Although  we  have  no  proof  of  volcanic  rocks 
erupted  in  England  during  the  deposition  of  the  chalk  and  greenstod. 
It  would  be  an  error  to  suppose  that  no  theatres  of  igneous  action 
existed  in  the  cretaceous  period.  M.  Virlet,  in  his  account  of  the 
geology  of  the  Morea,  p.  205.,  has  dearly  shown  that  certain  tn^a 
in  Grreece,  called  by  him  ophiolitea,  are  of  this  date ;  as  those,  for 
example,  which  alternate  conformably  with  cretaceous  limestone  snd 
greensand  between  Kastri  and  Danuda  in  the  Morea.  They  consiil 
in  great  part  of  disllage  rocka  and  serpentine,  and  of  an  amygdaloid 
with  calcareous  kernels,  and  a  base  of  serpentine. 

In  certain  parts  of  the  Morea,  the  age  of  these  volcanic  rocka  it 
established  by  the  following  proofs:  flrs^  the  lithographic limestcoet 
of  tbe  Cretaceous  era  are  cut  through  by  trap,  and  then  a  conglo- 
merate  occurs,  at  Kauplia  and  other  places,  contuning  in  its  calcareou 
cement  many  well-known  fossils  of  the  clialk  and  greensand,  together 
with  pebbles  formed  of  rolled  pieces  of  the  same  optuolit^  which 
appear  in  the  dikes  above  alluded  to. 

Period  of  OoUle  and  Liat.  —  Although  the  green  and  serpen  tin  ooi 
trap  rocks  of  the  Morea  belong  chiefly  to  the  Cretaceous  era,  u  before 
mentioned,  yet  it  seems  that  some  eruptions  of  similar  rocks  b^tn 
during  the  Oolitic  period  *  ;  and  it  is  probable,  that  a  large  part  of 
the  trappean  masses,  called  ophiolites  in  the  Apennines,  and  sssociited 
with  the  limestone  of  that  chain,  are  of  corresponding  age. 

That  some  part  of  the  volcanic  rocks  of  the  Hebrides,  in  oar  own 
country,  originated  contemporaneously  with  the  Oolite  which  ftey 
traverse  and  overlie,  has  been  ascertuned  by  Pro£  E.  Forbei^  in 

*  BoUs^e  «)(<  Viriet,  Hwea,  p.  33. 

i,i,i,i--.Mh,.Googlc 


Ch.  ZXXII.]      CABBOKIFEBODS  VOLCANIC  BOCSS.  561 

ISJOt  Some  of  the  eniptiona  in  Skye,  for  example,  occnrred  at  tlia 
close  of  the  Middle  and  before  the  commencement  of  the  Upper 
Oolitic  Period.' 

Trap  of  the  New  Red  Sandttone  period. — In  the  sonthern  part  of 
Devonshire,  trappean  rocks  are  associated  with  New  Bed  Sandstone, 
and,  according  to  Sir  H.  de  U  Beche,  have  not  been  intruded  snbse- 
qnentlj  into  tlie  sandstone,  but  were  produced  by  contemporaneona 
volcanic  action.  Some  beds  of  grit,  mingled  with  ordinarj  red  mar), 
resemble  sands  ^ected  from  a  crater  i  and  in  the  stratified  conglo- 
merates occurring  near  Tiverton  are  many  angular  fragments  of  trap 
porphjiy,  some  of  them  one  or  two  tona  in  weight,  intermingled  wi^ 
pebbles  of  other  rocks.  These  angular  fragments  were  probably 
thrown  out  &om  volcanic  vents,  and  fell  upon  sedimentary  matter 
then  in  the  course  of  deposition.^ 

Carboniferout  period.  —  Two  classes  of  contemporaneous  trap 
rocks  have  been  ascertained  by  Dr.  Fleming  to  occur  in  the  coal-fidd 
of  the  Forth  in  Scotland.  The  newest  of  these,  connected  with  the 
higher  series  of  coal-measures,  is  well  exhibited  along  the  shores  of 
the  Forth,  in  Fifeshire,  where  they  consist  of  basalt  with  olivine, 
amygdaloid,  greenstone,  wack^  and  tuff.  They  appear  to  have  been 
erupted  while  the  sedimentary  strata  were  in  a  horizontal  position, 
and  to  have  suffered  the  same  dislocations  which  those  strata  have 
subaeqaeady  ondergone.  In  the  volcanic  tuffs  of  this  age  are  found 
not  only  fragm^its  of  limestone,  shale,  flinty  alate,  and  sandstone,  but 
also  pieces  of  coaL 

The  other  or  older  class  of  carboniferous  traps  are  traced  along 
the  south  margin  of  Stratheden,  and  conatitute  a  ridge  parallel  with 
the  Ochils,  and  extending  from  Stirling  to  near  St  ^dreivs.  They 
conust  almost  exclusively  of  greenstone,  becoming,  in  a  few  instances, 
ear^y  and  amygdaloidaL  They  are  regularly  interstratified  with  the 
■andstone,  ahale,  and  ironstone  of  the  lower  Coal-measures,  and,  on 
the  East  Lomond,  with  Mountain  Limestone. 

I  examined  these  trap  rocks  in  183S,  in  the  clifis  south  of  St  An- 
drews, where  tbey  consist  in  great  part  of  stratified  tu^  which  are 
curved,  vertical,  and  contorted,  like  the  associated  coal-measures.  In 
the  tuff  I  found  fragments  of  carboniferous  shale  and  limestone,  and 
intersecting  veins  of  greenstone.  At  one  spot,  about  two  miles  from 
St.  Andrews,  the  encroachment  of  the  sea  on  the  cliffs  has  isolated 
several  masses  of  trap,  one  of  which  (fig.  679.)  is  aptly  called  the 
"  rock  and  spindle,"  {  for  it  consists  of  a  pinnacle  of  tuff,  which  may 
be  compared  to  a  distaff,  and  near  the  base  is  a  mass  of  columnar 
greenstone  in  which  the  pillars  radiate  from  a  centre,  and  appear  at 
a  distance  like  the  spokes  of  a  wheel.  The  largest  diameter  of  this 
wheel  ia  about  twelve  feet,  and  the  polygonal  terminations  of  the 

*  Gcol  Qoart  Joom.   ISJl,  toL  4  "'^le  rock,"  ai  Engliih  readers  of 

Tii.  p.  108.  Banu't   poenu   miy  Tcmeaiber,   ii  • 

t  De  U   Beche,   GeoL   FroceediDgi,  Scoluh  laim  for  a  i\*uSL 
vot  IL  p.  19S. 
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Fif.  ew.  columns  are  seen  round  the  circumference  (or  ^n 

as  it  were,  of  the  wheel),  as  in  the  ac«HiqMiiJ' 

ing  figure.     I  conceive  this  mass  to  be  the  ei- 

tremitj'  of  a  string  or  rein  of  greenstmie,  wbicb 

penetrated  the  tuff.     The  prisms  point  in  ererj 

direction,  because  the^  were  surroonded  on  til 

sides  b^  cooling  surfaces,  to  which  the^'  ttwin 

ioo'™Men°ImiSM«    iUTW*ge  themselvcs  at  right  angles,  u  before  ei- 

■  *•  •«  "»■  plained  (p.  488.). 

A.  trap  dike  was  pointed  out  to  me  bf  Dr.  Fleming,  ia  the  piridh 
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of  Ffiak,  in  the  ttortbem  p4rt  of  Fifeahire,  which  cuts  throngh  the 
grej  sandstone  and  shale  fonning  the  lowest  part  of  the  Old  Eed 
SaDdslone.  It  may  be  traced  for  many  miles,  passing  thnmgb  the 
amygdaloidal  and  other  tntps  of  the  hill  called  Noiman's  Law.  In 
its  coune  it  aSbrds  a  good  exemplification  of  the  passage  &om  the 
tmppean  into  the  plutonic,  or  highlj  cTTStalline  texture.  Frofesaor 
GuBtarus  Boee,  to  whom  I  Babmitted  specimens  of  this  dike,  finds 
the  rock,  whicb  he  calls  dolerite,  to  consist  of  greenish  black  augite 
and  L«bradar  felspar,  the  latt«r  being  the  most  abundant  ingredient. 
A  small  quanti^  of  magnetic  iron,  perhaps  titaniferous,  is  also 
present  The  reenlt  of  this  analrsis  is  interesting,  because  both  the 
ancient  and  modem  lavas  of  Etna  consist  in  like  manner  of  augite, 
I^bnulorite,  and  titaniferans  iron. 

Trap  (f  the  Old  Red  landitone  period.  —  Bj'  referring  to  the 
section  explanatOTj  of  the  structure  of  Forfarshire,  already  given 
(p.  48.),  the  reader  will  perceive  that  beds  of  conglomerate  No.  3., 
occur  in  the  middle  of  the  Old  Bed  sandstone  sTstem,  1,  2,  3,  4. 
Hie  pebbles  in  these  congknnerates  are  sometimes  composed  of 
granitic  and  quartzose  rocks,  sometimes  exclusively  of  different 
varieties  of  trap,  which,  although  purposely  omitted  In  the  section 
referred  toy  are  often  found  either  intruding  themselves  in  amor- 
phous masses  and  dikes  into  the  old  fosmliferous  tilestones,  No.  4.,  or 
alternating  with  them  in  conformable  beds.  All  the  difierent 
divisions  of  the  red  sandstone,  1,  2,  3,  4,  are  occanonaily  intersected 
by  dikes,  but  they  are  very  rare  in  Nos.  1.  and  2.,  the  upper 
members  of  the  group  consisting  of  red  shale  and  red  sandstone. 
These  pheoomeoa,  which  occnr  at  the  foot  of  the  Grampians,  are 
repeated  in  the  Sidlaw  Hills ;  and  it  appears  that  in  this  part  of 
Scotland  volcanic  eruptions  were  most  freqaent  iu  the  earlier  part 
of  the  Old  Red  Sandstone  period. 

The  trap  rocks  alluded  to  consist  chiefly  of  felspathic  porphyry 
and  amygdaloid,  the  kernels  of  the  latter  being  sometimes  calca- 
reous, often  calcedonic,  and  forming  beautiful  agates.  We  meet 
also  with  claystone,  clinkstone,  greenstone,  compact  felspar,  and 
tn£  Some  <^  these  rocks  flowed  as  lavas  over  the  bottom  of  the 
sea,  and  envelc^ied  quartz  pebbles  which  were  lying  there,  so  as  to 
form  conglomerates  with  a  base>of  greenstone,  as  is  seen  in  Lumley 
Den,  in  U>e  Sidlaw  Hills.  On  either  side  of  the  axis  of  this  chain  of 
hills  (see  section,  p.  48.),  the  beds  of  massive  trap,  and  the  taib 
composed  of  volcanic  sand  and  ashes,  dip  regularly  to  the  south-east 
or  north-west,  conformably  with  the  shales  and  sandstones. 

Siturian  period. — It  appears  from  the  investigations  of  Sir  R. 
Murchison  in  Shropshire,  that  when  the  lower  Silurian  strata  of 
that  country  were  accumulating,  there  were  frequent  volcanic 
eruptions  bemeath  the  sea ;  and  the  ashes  and  scoriee  then  ejected  ' 
gave  rise  tc  a  peculiar  kind  of  tufoceous  sandstone  or  grit,  Hijinimilar 
to  the  other  rocks  of  the  Silurian  series,  and  only  observable  in 
places  where  syenitic  and  other  trap  rocks  protrude.  These  tufis 
occnr  on  the  flanks  of  the  Wrekin  and  Caer  Caradoc,  and  contain 
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Silurian  iiMsila,  such,  m  casts  of  encrinites,  tiilobites,  and  mtdlasca. 
Although  foseildferoiis,  the  stone  resemblea  k  sand;  clajstMie  of  the 
trap  family.* 

Thin  layers  of  trap,  only  a  few  iachee  tliick,  altemaie,  in  Kmie 
parts  of  Shropshire  and  Montgomeryshire,  with  a  sedimentary  atrata 
<tf  the  lower  Silurian  system.  This  trap  consists  of  slaty  porphyiy 
and  granular  felspar  rock,  the  beds  being  traversed  by  joints  like 
those  in  the  associated  sandstonf^  limestone,  and  shalc^  and  haring 
the  same  strike  and  dip.f 

la  Radnorshire  there  is  an  example  of  twelve  bands  <tf  stratiGed 
trap,  alternating  with  Silurian  schists  and  fli^tonea,  in  a  UudoMW 
of  S50  feet.  Hie  bedded  traps  cooaist  of  felspar-parphyiy,  ehiik- 
atone,  and  other  varieties ;  and  the  interposed  Llandeilo  flags  are  of 
sandstone  and  shale,  with  trilobites  and  graptolites.} 

Cambrian  Voleamo  Rocks. — In  a  former  chapter  (CL  XXVQ. 
p.  451.),  we  have  seen  that  below  the  Llandeilo  and  Bala  bedi  of 
Lower  Silurian  date  there  occur,  in  North  Wales,  a  senes  of  neks 
of  vast  thickness,  which  may  be  called  Cambrian.  The  npper 
subdivision,  named  by  Professor  Sedgwick  the  "  Pestiniog  groap,* 
comprises,  firsts  the  Arenig  Slates,  7000  feet  thick  in  Nonh  WaH 
in  the  midst  of  which  dense  masses  of  porphyry,  tr^t-conglomcnb^ 
and  other  igneous  rocks,  which  are  supposed  by  Frofessor  Sedgwid 
to  be  of  contemporaneous  origin,  are  intercalated ;  secoudly,  the 
Lingula  flags  underlying  the  former,  and  of  which  the  fossils  wen 
treated  of  at  p.  452. ;  thirdly,  still  lower,  the  Bangor  group  or 
Lower  Cambrian,  in  which,  bands  of  folspathic  porphyry  occur. 
These  last  are,  in  the  opinion  of  Professor  Bamsay,  intrusive  snd 
not  of  the  same  date  as  the  associated  sedimentary  depoeitB. 

Professor  Sedgwick  has  also  described,  in  his  account  of  the 
geology  of  Cumberland,  various  trap  rocks  which  accompany  green 
slates,  agreeing  in  mineral  character  and  aspect  with  the  Arenig 
Slates,  which  underlie  all  the  fossiliferons  strata  of  Cumberland,  and 
consist  of  felspathic  and  porphyritic  rocks  and  greenstones,  oc- 
curring not  only  in  dikes,  but  in  conformable  beds,  Oecadonally 
there  is  a  passage  from  these  igneoos  rocks  to  some  of  the  gieoi 
quartzose  slates,  lliese  porphyries  are  supposed  to  have  been  pro- 
duced contemporaneously  with  the  stratifled  chloritic  slates  by  sub* 
marine  eruptions  oftentimes  repeated,  the  materials  of  the  slates 
having  been  supplied,  in  part  at  least,  from  the  same  source.  \ 

■  UnrchisoD,    Bilnriau   S;Ken],  &c         1  Ibid.,  p.  sas. 
p.  230.  \  GeoL  IVana,    2d  tericii  tdL  n. 

t  mi,  p.  378.  ^  as. 
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G«Himl  upect  of  graniM — Docompoiiiig  into  splMrical  miMM— Bnda  colimiiiBr 
ftmctore — Analogy  and  diBerence  of  volcanic  and  plntonic  fonnatioDt — Minerals 
in  granite,  and  tbiur  amngemenl  —  Graphic  and  porph^Lic  granite— Motnol 
penetradon  of  ajitals  of  quaiti  and  felapai — Occasional  mineral! — Syenite  — 
Syeoitie,  taleoae,  and  achorly  granilei  —  Eorile — Passage  of  granite  into  trap — 
Example*  near  Chiittiania  and  in  Aberdeeiuliire  —  Analogy  in  compoaition  of 
trachjte  and  granite  —  Granite  reini  in  Olen  Tilt,  Cornirall,  the  Valonine,  and 
Mber  coontiiM — Diflbreat  compoaition  oF  veina  from  main  bodj  of  granite — 
UetalliferooB  retna  in  atrata  near  their  janclion  with  granite — Apparent  iaolation 
of  nodnkiof  granite  —  Quarta  vdna  —  Whether  plutonic  rocki  are  via  ant- 
Ifing — Their  exposore  at  the  nirfBce  doe  lo  denndotlon. 

Thb  plutonic  rocks  umj  be  treated  of  next  io  order,  u  the;  are 
most  nearly  allied  to  the  volcanic  class  already  considered.  I  have 
described,  in  the  first  chapter,  these  plutonic  rocks  as  the  anstra- 
tified  division  of  tlie  ciystalline  or  bypogene  formations,  and  have 
stated  that  they  difler  from  the  volcanic  rocks,  not  only  by  their 
more  crystalline  texture,  but  also  by  the  absence  of  tnfis  and 
breccias,  which  are  the  preducts  of  eruptions  at  the  earth's  surface, 
or  beneath  seas  of  inconsiderable  depth.  They  differ  also  by  the 
absence  of  pores  or  cellular  cavities,  to  which  the  expansion  of  the 
entangled  gases  gives  riae  in  ordinary  lava.  From  these  and  other 
peculiarities  it  has  been  inferred,  that  the  gnanitea  have  been  formed 
at  considerable  depths  in  the  earth,  and  have  cooled  and  crystallized 
slowly  under  great  pressure,  where  the  contained  gases  could  not 
expand.  The  volcanic  rocks,  on  the  contrary,  althongh  they  also 
have  risen  up  from  below,  have  cooled  from  a  melted  state  more 
rapidly  upon  or  near  the  surface.  From  this  hypothesis  of  the 
great  depth  at  which  the  granites  onginated,  has  been  derived  tlie 
name  of  "Flutonic  rocks."  The  beginner  will  eauly  conceive  that 
the  influence  of  subterranean  heat  may  extend  downwards  from  the 
crater  of  every  active  volcano  to  a  great  depth  below,  perhaps 
several  miles  or  leagues,  and  the  effects  which  are  produced  deep  in 
the  bowels  of  the  earth  may,  or  rather  mus^  be  distinct;  so  that 
volcanic  and  plutonic  rocks,  each  difibrent  in  texture,  and  sometimes 
even  in  compositioD,  may  originate  simultaneously,  the  one  at  the 
surface,  the  other  far  beneath  it. 

By  some  writers,  all  the  rocks  now  nnder  consideration  have  been 
comprehended  under  the  name  of  granite,  which  is,  then,  understood 
to  embrace  a  large  family  of  crystalline  and  compound  rocks,  usually 
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ibund  underlTUig  all  other  formations  ;  whereas  we  have  seen  that 
trap  very  commonly  overlies  strata  of  different  agea.  Granite  often 
preserves  a  very  uniform  characl«r  throughout  a  wide  nmge  of 
territory,  forming  hills  of  a  peculiar  rounded  form,  nsually  clad  with 
a  scanty  vegetation.  The  surface  of  the  roek  is  for  the  most  part  m 
a  crumbling  state,  and  the  hills  are  often  snrmonnted  by  piles  of 
stones  like  the  remains  of  a  stratified  mass,  as  in  the  aoaezed  fignnv 
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and  somedmes  like  heaps  of  boulders,  for  which  they  have  been 
mistaken.  The  exterior  of  these  stones,  originally  qoadrsngnlar, 
acquires  a  rounded  form  by  the  action  of  air  and  water,  for  the 
edges  and  angles  waste  away  more  rapidly  than  the  sides.  A 
similar  aphei^cal  structure  hag  already  been  described  as  charac- 
teristic of  basalt  and  other  volcanic  formations,  and  it  most  be  re- 
ferred to  aaalt^ons  causes,  as  yet  but  imperfectly  understood. 

Although  it  is  the  general  peculiarity  of  granite  to  asEnme  no 
definite  shapes,  it  is  nevertheless  occasionally  subdivided  b;  fissnree, 
so  as  to  assume  a  cuboidal,  and  even  a  columnar,  stmcture,  Ex- 
amples of  these  appearances  may  be  seen  near  the  Land's  Eod,  is 
Cornwall.     (See  fig.  682.) 

The  plutonic  formations  also  agree  with  the  volcanic  in  having 
veins  or  ramifications  ptoceeding  from  central  masses  into  the  ad- 
joining rocks,  and  causing  alterations  in  these  last,  which  will  be 
presently  described.  They  alao  resemble  trap  in  conttuning  no 
organic  remains ;  but  they  differ  in  being  more  uniform  in  texture, 
whole  mountain  masses  of  indefinite  extent  appearing  to  bare  ori- 
ginated under  conditions  precisely  similar.  They  also  diflfer  is 
never  being  scoriaceous  or  amygdaloidal,  and  never  forming  a 
porphyry  with  an  uncrystalline  base,  or  alternating  with  tuffs.  Nor 
do  they  form  conglomerates,  although  there  is  sometimes  an  in- 
sensible passage  from  a  fine  to  a  coarse-grained  graoite,  and  occa- 
sionally patches  of  a  fine  texture  are  imbedded  in  a  coarser  variety. 

Felspar,  quartz,  and  mica  are  usually  considered  as  the  minerals 
essential  to  granite,  the  felspar  being  most  abundant  in  quantity,  and 
the  proportion  of  quartz  exceeding  that  of  mica.  These  mioenls 
are  united  in  what  is  termed  a  confused  crystallization ;  tliat  is  to 
say,  there  is  no  regular  arrangement  of  the  crystals  in  granite,  is  in 
gneiss  (see  fig.  704.  p.  595.X  except  in  the  variety  termed  graphic 
granite,  which  occurs  mosUy  in  granitic  veins.     This  variety  is  a 
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compouDd  of  felipar  and  qiurtz,  bo  an-knged  as  to  produce  an 
imperfect  laminar  structure.  The  crystals  of  felspar  appear  to  have 
been  first  fonned,  leaving  between  them  the  space  now  occupied  by 
the  darker-coloured  qnartz.     This  mineral,  when  a  section  is  made 

Fig.  en.  nt-  tM. 


at  right  angles  to  the  alternate  plates  of  felspar  and  quartz,  presents 
broken  lines,  which  have  been  compared  to  Hebrew  characters. 
The  variety  of  granite  called  by  the  French  Pegmatite,  which  ia  a 
mixture  of  quartz  and  common  felspar,  usually  with  some  small 
admixture  of  white  silvery  mica,  often  passes  into  graphic  granite. 

As  a  general  rule,  quartz,  in  a  compact  or  amorphous  state,  forms 
a  vitreous  mass,  serving  as  the  base  in  which  felspar  and  mica  have 
crystallized ;  for  although  these  minerals  are  much  more  fusible 
than  siles,  they  have  often  imprinted  their  shapes  upon  the  qnartz. 
This  fact,  apparently  so  paradoxical,  has  given  rise  to  much  in- 
genious speculation.     We  should  naturally  have  anticipated  thai. 


,i^,Coo<^lc 


868  POBPHTBiTiC  orakitb:.  [Ca.IXXIIL 

during  the  cooling  of  the  mass,  the  flinty  portion  would  be  the  Grat 
to  consolidate ;  and  that  the  different  varieties  of  felspar,  at  well  is 
garnets  and  tourmalines,  being  more  easily  liquefied  by  heat,  would 
be  the  last  Precisely  th^  revene  has  taken  place  in  ibe  pasa^  of 
most  granite  aggregates  from  a  fluid  to  a  solid  state,  ciyBtals  of  the 
more  fusible  minerals  being  found  enveloped  in  hard,  transparent, 
glassy  qasrtz,  which  has  often  taken  very  faithful  casts  of  each,  so 
as  to  preserve  even  the  microscopically  minute  striadons  on  the 
surface  of  prisms  of  tourmaline.  Various  explanations  of  this  phe- 
nomenon have  been  proposed  by  MM.  de  Beaumont^  Fonrnet,  snd 
Durocher.  They  refer  to  M.  Guadin's  experiments  on  the  fiisian 
of  quartz,  which  show  that  silex,  as  it  cools,  has  the  property  of 
remaining  in  a  viscous  state,  whereas  alumina  never  does.  Tiat 
"gelatinous  flint"  is  supposed  to  retain  a  conaiderable  d^;ne  of 
plasticity  long  after  the  granitic  mixture  has  acquired  a  low  tem- 
perature ;  and  M.  £.  de  Beaumont  suggests  that  electric  sctioD  may 
prolong  the  duration  of  the  viscosity  of  silez.  Occasionally,  bow- 
ever,  we  find  the  quartz  and  felspar  mutually  imprinting  their  fOTms 
on  each  other,  affording  evidence  of  the  simultaneous  crystalliatioa 
of  both." 

It  may  here  be  remarked  that  ordinary  granite,  as  well  as  syenite 
and  eurite,  usually  contains  two  kinds  of  felspar,  1st,  Che  common,  or 
orthoclase,  is  which  potash  is  the  prevailing  alkali,  and  this  generally 
occurs  in  large  crystals  of  a  white  or  flesh  colour  ;  and  2ndly,  fdapir 
in  EDUtller  crystals,  in  which  soda  predominatoa,  usually  of  a  dead 
white  or  spotted,  and  striated  lake  albite,  but  not  the  same  in  cos- 

JbrpAyrtft'c  graniu. — This  name  has  been  sometimes  given  t« 
that  variety  in  which  large  crystals  of  common  felspar,  sometioies 
more  than  3  inches  in  length,  are  scattered  through  an  ordinaiy  Uk 
of  granite.     An  example  of  this  texture  may  be  seen  in  the  grsniie 


of  the  Land's  End,  in  Cornwall  (fig.  68S.).   The  two  larger  prim^i: 
crystals  in  this  drawing  represent  febpar^  smaller  crystals  of  vl>i<^ 
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&re  ftlao  seen,  similar  in  form,  Mattered  through  the  base.  In  this 
base  also  appear  black  specks  of  mica,  the  crystals  of  which  have  a 
more  or  less  perfect  hexagonal  onilme.  The  remainder  of  the  mass 
is  quarts,  the  transInceDcy  of  which  is  stronglj  contrasted  to  the 
opaqueness  of  the  white  febpar  and  black  mica.  Bnt  neither  the  ' 
transpaiencj  of  the  qnarti  nor  the  silvery  lustre  of  the  mica  can  be 
expressed  in  tlie  engraving. 

The  uniform  mineral  character  of  large  masses  of  granite  seems 
to  indicate  that  Urge  quantities  of  the  compon^it  elements  were 
thoroaghl;  mixed  up  together,  and  then  crystallized  under  precisely 
similar  conditions.  There  are,  however,  many  accidental,  or  **  occa- 
sional,'' minerals,  as  they  are  termed,  which  belong  to  granite. 
Among  theM  black  schorl  or  tourmaline,  acldnolite,  aircon,  garnet, 
and  fluor  spar  are  not  UDCommon ;  but  they  are  too  sparingly  dis- 
persed  to  modify  the  general  aspect  of  the  rock.  They  show,  never- 
theless, that  the  ingredients  were  not  everywhere  exactly  the  same ; 
and  a  still  greater  variation  may  be  traced  in  the  ever-varying  pro* 
portions  of  the  felspar,  qnartz,  and  mica. 

Syenile.  —  When  hornblende  is  the  snbstitnte  for  mica,  which  is 
very  commonly  the  case,  the  rock  becomes  Syenite ;  so  called  from 
the  celebrated  ancient  quarries  of  Syene  in  Egypt.  It  has  all  the 
appearance  of  ordinary  granite,  except  when  mineralogically  ex- 
amined in  hand  specimens,  and  is  fully  entitled  to  rank  as  a  geo- 
logical member  of  the  same  plutonic  family  as  granite.  Syenite, 
however,  after  maintaining  the  granitic  character  throughout  ex- 
tensive regions,  is  not  uncommonly  fonnd  to  lose  its  qoartz,  and 
to  pass  insensibly  into  sjenitic  greenstone,  a  rock  of  the  trap  family. 
Werner  couNdered  syenite  as  a  binary  compound  of  felspar  and 
hornblende,  and  reguded  quartz  as  merely  one  of  its  occasional 

SgenUie  gnmte.  —  The  quadruple  componnd  of  quartz,  felspar, 
mica,  and  hornblende,  may  be  so  termed.  This  rock  occurs  in  Scot- 
land and  in  Guernsey. 

TaleoK  granite,  or  Prot<^ne  of  the  French,  is  a  mixture  of  fel- 
spar, qnsrtz,  and  talc.  It  abounds  in  the  Alps,  and  in  some  parts  of 
Cornwall,  producing  by  its  decomposition  the  china  clay,  more  than 
12,000  tons  of  which  are  annually  exported  from  that  country  ftn 
the  potteries.* 

Schorl  rock,  and  iekorly  gramU. — The  former  of  these  is  an 
aggregate  of  schorl,  or  tourmaline,  and  quartz.  When  felspar  and 
mica  are  also  present,  it  may  be  called  schorly  granite.  This  kind  of 
granite  is  comparatively  rare. 

Evrite.  —  A  rock  in  which  all  the  ingredients  of  granite  are  blended 
into  a  finely  granular  mass.  When  crystalline,  it  is  seen  to  contmn 
crystals  of  quartz,  mica,  common  felspar,  and  soda  felspar.  When 
there  is  no  vJca,  and  when  cMumon  felspar  predominates,  so 
aa  to  give  it  a  white  colour,  it  becomes  a  felspathic  granite,  called 

*  Boaie  on  "Pt'inmj  0«ilog7,  |i,  16. 
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"  wUtestone"  (Weiafltein)  bj  Werner,  or  Lepiyniie  by  tbe  IVench, 
in  which  microscopic  cryetalB  of  garnet  are  often  present. 

All  theae  and  oUier  varieties  of  granite  pus  into  certain  kindi  of 
trap,  a  circumstance  which  affords  one  of  manj  argnmenti  in 
fftTour  of  what  is  now  the  prevailing  opinion,  that  tbe  granite*  are 
also  of  igneous  origin.  The  contrast  of  the  most  crystalltne  f<»in  o( 
granite  to  that  of  the  most  common  and  earthy  trap  is  nndonbtedly 
great ;  bat  each  member  of  tbe  volcanic  class  is  capable  of  becoming 
porpfayritic,  and  the  base  of  the  porphyry  may  be  more  and  more 
crystalline,  until  tbe  mass  passes  to  the  kiad  of  granite  meet  neariy 
alUed  in  mineral  composition. 

The  minerals  which  constitnte  alike  the  granitic  and  volcaoic 
rocks  consist,  almost  exclnravely,  of  seven  elements,  namely,  silica, 
alumina,  magnesia,  lime,  soda,  potash,  and  iron  (see  Table,  p.  479.); 
and  these  may  sometimes  exist  in  about  the  same  propwtionB  io  a 
porous  lava,  a  compact  trap,  or  a  crystalline  granite.  It  mayperli^is 
be  found,  on  farther  examination  —  fbr  on  this  subject  we  hive  ;rtt 
mnch  to  learn  —  that  the  presence  of  these  elements  in  certain  [ko- 
portions  is  more  favourable  than  in  others  to  their  asstiming  t 
crystalline  or  true  granitic  structure ;  hut  it  is  also  ascolained  by 
experiment,  that  the  same  materials  may,  under  different  circam- 
stances,  form  very  different  rocks.  The  same  lava,  for  example, 
maj  be  glassy,  or  scoriaceons,  or  stony,  or  porphyritie,  according  to 
tbe  more  or  less  rapid  ratfl  at  which  it  cools ;  and  some  trachytes  and 
syeni  tic-greenstones  may  doubtless  form  granite  and  syenite,  if  tbe 
crystallization  take  place  slowly. 

It  has  also  been  suggested  that  tbe  peculiar  nature  and  stmctare 
of  granite  may  be  due  to  its  retaining  in  it  that  water  whicb  ia  seen 
to  escape  fWmt  lavas  when  they  cool  s}owly,  and  consolidate  in  the 
atmosphere.  Bontigny'g  experiments  have  shown  that  melted  mstter, 
at  a  white  beat^  requires  to  have  its  temperature  lowered  before  it 
can  vapourize  water  ;  and  such  discoveries,  if  they  ful  to  explaia  the 
manner  in  which  granites  have  been  formed,  serve  at  least  to  ronind 
us  of  the  entire  distinctness  of  the  conditions  under  which  plnlonic 
and  volcanic  rocks  must  be  produced.* 

It  would  be  easy  to  multiply  examples  and  anthoritiea  to  prove 
the  gradation  of  the  granitic  into  tbe  trap  rocks.  On  tbe  western 
ude  of  tbe  fiord  of  Gbristiania,  in  Norway,  there  is  a  large  district 
of  trap,  chiefly  greenstone-porphyry  and  syenitic -greenstone,  restii^ 
on  fossiliferous  strata.  To  tiiis,  on  its  southern  limit,  succeeds  a 
region  equally  extensive  of  syenite,  the  passage  &om  the  volcanic  to 
the  plutonic  rock  being  so  gradual  that  it  is  impoedble  to  draw  a 
line  of  demarcation  between  them. 

"  The  ordinary  granite  of  Aberdeenshire,"  says  Dr.  MacCnlloch, 
"  is  the  usual  ternary  compound  of  quartz,  felspar,  and  mica ;  bnt 
sometimes  hornblende  is  substituted  for  the  mica.  But  in  many 
places  a  variety  occurs  which  is  composed  simply  of  felspar  and 

■  E.  d«  Beauatont,  Bulletin,  voL  iv.,  !d  aer.,  pp.  1318.  and  IStO. 
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hornblende;  and  in  examining  more  minntelf  thia  duplicate  com- 
pound, it  is  obaetred  in  some  places  to  asDiime  a  fine  grain,  and  at 
iMigth  to  become  nndistingnishable  from  the  greengtones  of  the  trap 
familj.  It  also  passes  in  the  same  nninterrapted  manner  into  a 
basalt,  and  at  length  into  a  soil  clajstone,  with  a  schistose  tendency 
on  exposure,  in  no  raapect  differing  from  those  of  the  trap  islands  of 
the  western  coast"  The  same  author  mentions,  that  in  Shetland 
a  granit«  composed  of  hornblende,  mica,  felspar,  and  qnartz  graduates 
in  an  eqnally  perfect  manner  into  basalt* 

In  Hungary  there  are  varietiei  of  tracfayte,  which,  geologically 
speaking,  are  of  modem  origin,  in  which  crystals,  not  only  of  mica, 
but  of  quartz,  are  common,  together  with  felspar  and  hornblende. 
It  is  easy  to  conceive  how  such  volcanic  masses  may,  at  a  certain 
depth  from  the  surface,  pass  downwards  into  granite. 

I  have  alres<^  hinted  at  the  close  analogy  in  the  forma  of  certain 
granitic  and  trsppean  veina ;  and  it  will  be  found  that  strata  pene- 
trated by  plutoaic  rocks  have  suffered  changes  very  similar  to  those 
exhibited  near  the  contact  of  volcanic  dikes.  Thus,  in  Glen  Tilt,  in 
Scotland,  altema^g  strata  of  limestone  and  argillaceous  schist  come 
in  contactwilb  a  mass  of  granite.  The  contact  does  not  take  place 
as  might  hare  been  looked  for,  if  the  granite  had  been  formed  there 
before  the  strata  were  deposited,  in  which  case  the  section  would 
have  appeared  as  in  fig.  686. ;  bat  the  onion  is  as  represented  in 


TUL    [Mk  cJlsch.lt 


fig.  687.,  the  undulating  outline  of  the  granite  interaectiog  different 
strata,  and  occasionally  intruding  itself  in  tortuous  veina  into  the 
beds  of  clay-state  and  limestone,  from  which  it  differs  so  remarkably 
in  composition.  The  limestone  is  sometimes  changed  in  character 
by  the  proximity  of  the  granitic  mass  or  its  veins,  and  acquires  a 
more  compact  texture,  like  that  of  homatone  or  chert,  with  a  splintery 
fracture,  and  effervescing  feebly  with  acids. 

The  annexed  diagram  (fig.  688.)  represents  another  junction,  in 
the  same  district,  where  the  granite  sends  forth  so  many  veins  as  to 
reticulate  the  limestone  itnd  schist,  the  veins  diminishing  towards 
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their  termination  to  the  tfaickness  of  a  leaf  of  paper  or  a  thread.  In 
some  places  fragments  of  granite  appear  entangled,  as  it  wero,  in  the 
limestone,  and  are  not  visibly  connected  with  any  lai^or  nun ; 
while  sometimes,  on  the  other  hand,  a  lump  of  the  limestone  is  tcmi 
in  the  midst  of  the  granite.  The  ordinary  colour  of  the  limestoDS  rf 
Glen  Tilt  ia  lead  blue,  and  its  texture  large-grained  and  higUj 
crystalline;  but  where  it  approximates  to  the  granite,  pBrticoltriy 
where  it  is  penetrated  by  the  smaller  reins,  the  cryetalline  teztnre 
disappears,  and  it  assumes  an  appearance  exactly  resembling  thst  of 
homstonc.  The  associated  argillaceous  schist  often  passes  into 
hornblende  slate,  where  it  approaches  very  near  to  the  granite.* 

The  conversion  of  the  limestone  in  these  and  many  other  in- 
stances into  a  siliceous  rock,  eServescing  slowly  with  acids,  would 
be  difficult  of  explanation,  were  it  not  ascertained  that  such  lime* 
atones  are  always  impure,  containing  grains  of  quartz,  mici,  or 
felspar  disseminated  through  them.  The  elements  of  these  miuenli, 
when  tho  rock  has  been  sutgected  to  great  heat,  may  have  been 
fused,  and  so  spread  more  uniformly  through  the  whole  mass. 

In  the  plutonic,  as  in  the  volcanic  rocks,  there  is  every  gradatJon 
from  a  tortuous  vein  to  the  most  regular  form  of  a  dike,  sach  ss 
intersect  the  tuffs  and  lavas  of  Yesnvius  and  Etna.  Dikes  of 
granite  may  be  seen,  among  other  places,  on  the  southeni  flank  of 
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Mount  Battock,  one  of  the  GramiiiuiB,  the  opposite  walls  sometmies 
preserving  an  exact  parolleliBm  for  a  considerable  distance- 
As  a  general  rule,  however,  granite  Teins  in  all  quarters  of  the 
globe  are  more  sinuons  in  their  course  than  those  of  trap.  They 
present  aimilar  shapes  at  the  moat  northern  point  of  Scotland,  and 
the  Bontbenunost  extremity  of  A&ica,  as  the  annexed  drawings  will 
show. 


HaunulD,  Ctga  of  C»d  Hop*. 


Ini  tliT  this.  T(U*  Gnnlle  t«Iu  tnnnlni  gnelu. 
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It  is  not  Dnconuaon  for  one  set  of  granite  veins  to  intersect 
another ;  and  Bometimes  there  are  three  sets,  as  in  the  environs  of 
Heidelberg,  where  the  granite  on  the  banks  of  the  river  Keeker  is 
seen  to  consist  of  three  varieties,  difiering  in  colour,  grain,  and 
various  peculiarities  of  mineral  compoaitioa.  One  of  these,  which  is 
evidently  the  second  in  age,  is  seen  to  cut  through  an  older  granite  ; 
and  another,  still  newer,  traverses  both  the  second  and  the  firsL 

In  Shetland  there  are  two  kinds  of  granite.  One  of  them,  com- 
posed of  hornblende,  mica,  felspar,  and  quartz,  is  of  a  dark  colour, 
and  b  seen  underlying  gneiss.  The  other  is  a  red  granite,  which 
I>enetrates  the  dark  variety  everywhere  in  veins.J 

The  accompanying  sketches  will  explain  the  manner  in  which 
granite  veins  often  ramify  and  cut  each  other  (figs.  690.  and  691.). 
They  represent  the  manner  in  which  the  gneiss  at  Cape  Wrath,  in 
Sutherlandshire,  is  intersected  by  veins.  Their  light  colour,  strongly 
contrasted  with  that  of  the  hornblende-schist,  here  associated  with 
the  gneiss,  renders  them  very  conspicuous. 

Granite  very  generally  assumes  a  finer  grain,  and  nndergoes  a 
change  in  mineral  composition,  in  the  veins  which  it  sends  into 
contiguous  rocks.  Thus,  according  to  Professor  Sedgvdck,  the 
main  body  of  the  Cornish  granite  is  an  aggregate  of  mica,  quartE, 
and  felspar;  but  the  veins  are  sometimes  without  mica,  being  a 
granular  aggregate  of  quartz  and  felspar.     In  other  varieties  quartz 

*  Cspt  B.  Hall,  Truu.  Boy.  Soc  t  MocCnIloeb,  Syit.  of  Oeal.,ToL  i 
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prevaila  to  the  almoat  entire  exclusioa  both  of  felspar  knd  met;  in 
others,  the  mica  and  quartz  both  disappear,  and  the  vean  is  dispi; 
composed  of  white  grasalar  felapar.* 

Fig.  692.  is  a.  sketch  of  a  group  of  granite  veins  in  CorawtD, 
given  by  Ueesra.  Von  Oeynhausea  and  Von  Dechen.f    The  man 


OrulU  rIi»  puitBi  throngb  hanUwida  ilita.  CiriitlliD  Con,  Cornwill. 

body  of  the  granite  here  is  of  a  porphyritic  appearance,  with  targe 
crystals  of  felspar ;  but  in  the  veins  it  is  fine-grained,  and  without 
these  large  crystals.  The  general  height  of  the  veins  is  from  16  to 
20  feet,  bnt  some  are  much  higher. 

In  the  VaJorsine,  a  valley  not  far  from  Mont  Blanc  in  Swit- 
zerland, an  ordinary  granite,  consisting  of  felspar,  quartz,  and  mica. 
sends  forth  veins  into  a  talcose  gneiss  (or  stratified  protogine),  and 
in  some  places  lateral  ramifications  are  thrown  off  from  the  principal 
veins  at  right  angles  (see  fig.  693.),  the  veins,  especially  th«  minute 
ones,  being  finer  grained  than  the  granite  in  mass. 

It  is  here  remarked,  that  the  schist  and  granite,  as  they  approach, 
seem  to  exercise  a  reciprocal  influence  on  each  other,  for  both 
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undei^  B  modiflcatioQ  of  minentl  cbaracter.  The  grtnite,  still 
renuining  nostratified,  becomes  charged  with  green  particles ;  and 
the  talco8e  gneiss  assomes  a  granitiform  structnre  without  losing  its 
stratification.* 

Professor  Eeilhan  drew  my  attention  to  several  localities  in  Uie 
country  near  Cbristiania,  where  the  mineral  character  of  gneiss 
appears  to  have  been  afiected  by  a  granite  of  much  newer  origin, 
for  some  distance  from  the  point  of  contact.  The  gneiss,  without 
losing  its  laminated  structure,  seems  to  bare  become  charged  with  a 
larger  quantity  of  felspar,  and  that  of  a  redder  colour,  than  the 
felspar  usually  belonging  to  the  gneiss  of  Norway. 

Granite,  syenite,  and  those  porphyries  which  have  a  granitiform 
structure,  in  short  all  plutonic  rocks,  are  frequently  observed  to 
contain  metals,  at  or  near  their  Junction  with  stratified  formations. 
On  the  other  hand,  the  veins  which  traverse  stratified  rocks  are,  as 
a  general  law,  more  metalliferous  near  such  junctions  than  in  other 
positions.  Hence  it  has  been  inferred  that  these  metals  may  have 
been  spread  in  a  gaseous  form  through  the  fused  mass,  and  that  the 
contact  of  another  rock,  in  a  difierent  state  of  temperature,  or  some- 
times the  existence  of  rents  in  other  rocks  in  the  vicinity,  may  have 
caused  the  sublimation  of  the  metals. t 

There  are  many  instances,  as  at  Markerud,  near  Cbristiania,  in 
Norway,  where  the  strike  of  the  beds  has  not  been  deranged 
throughout  a  large  area  by  the  intrusion  of  granite,  both  in  lai^ 
masses  and  in  veins.  This  fact  is  considered  by  some  geologists  to 
militate  against  the  theory  of  the  forcible  injection  of  granite  in  a 
fluid  state.  But  it  may  be  stated  in  reply,  that  ramifying  dikes  of 
trap  also,  which  almost  all  now  admit  to  have  been  once  fluid,  pass 
through  the  same  fossiliferoiis  strata,  near  Cbristiania,  without 
deranging  their  strike  or  dip.f 

The  real  or  apparent  isolation  of  large  or  small  masses  of  granite 
detached  from  the  main  body,  as  at  a,  b,  fig.  694.,  and  above,  fig. 
688t  and  a,  fig.  693.,  has  been  thought  by  some  writers  to  be  irre- 

*  Necker,  mr  la  Val.  de  Volorsine,  f  Necker,  Proceedings  of  Geo).  Soc 

Mem.  de  la  Soc  de  Pbys.  de  Geneve,  No.  !6.  p.  399. 

1898.    1  Tinted,  in  1S33,  the  «pot  re-  t  ^   Eeilban's    Qua    Norr^cBi 

fsiTed  to  in  fig.  6B8,  ChiiEtiania,  183a. 
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concilable  with  th^  doctrine  nsDolly  taught  rBspecting  Teina;  bat 
many  of  them  may,  in  fact,  be  eectionB  of  root-shaped  proloDgitions 
of  granite ;  while,  in  other  cases,  they  may  in  reality  be  detacW 
portions  of  R>ck  having  the  pluttiaic  structure.  For  there  nuf 
have  been  spots  in  the  midst  of  the  invaded  strata,  in  which  there 
was  an  assemblage  of  materials  more  fusibie  (ban  the  reat^  or  more 
fitted  to  combine  readily  into  some  form  of  granite. 

Veins  of  pure  quartz  are  often  found  in  granite  as  in  man; 
stratified  rocks,  but  tbey  are  not  traceable,  like  veins  of  granite  of 
trap,  to  large  bodies  of  rock  of  similar  composition.  Hiey  appear 
to  have  been  cracks,  into  which  siliceous  matter  was  infiliered. 
Such  segregation,  as  it  is  called,  can  sometimes  be  shown  to  have 
clearly  taken  place  long  subsequently  to  the  original  consolidatioD 
of  the  containing  rock.  Thus,  for  example,  I  observed  in  tb« 
gneiss  of  Tronstad  Strand,  near  Drammen,  in  Norway,  the  annexed 
section  on  the  beach.  It  appears  that  the  alternating  strata  of 
whitish  granitifoi'm  gneiss  and  black  hornblende-schist  were  firstent 
g^  through  by  a  greenstone  dike, 

^^_^^  about  2^  feet  wide ;  then  the 

CdcIh.  diiu.  Gndn,       crack  a  b  paased  throngh  all 

these  rocks,  and  was  filled  op 
with  quartz.      The  oppouu 
■  walls  of  the  vein  are  in  some 

parts  incrusted  wiUi  trans- 
parent crystals  of  quartz,  the 
middle  of  the  vein  being  filled 
up  with  common  opaque  white 

a.  *.  QuuU  T<Hi]  puilni  lhri>u|i)>  inolu  icd  gma-  We  hsVO  8660  that   the  Vol- 

■uiH,  TioDHid  Gumil,  asr  Chiliiiiuu.  .        „  .  ,  . 

canic  formations  have  been 
called  overlying,  because  they  not  only  penetrate  others  but  spread 
over  them.  Mr.  Necker  has  proposed  to  call  the  granites  the 
nnderlying  igneous  rocks,  and  the  distinction  here  in^eated  is 
highly  characteristic  It  was  indeed  supposed  by  some  of  the 
earUer  observers,  that  the  granite  of  Christiama,  in  Norway,  was 
intercalated  in  mountain  masses  between  the  primary  or  paleoaoic 
strata  of  that  country,  so  as  to  overlie  fossiliferons  shale  and  lime- 
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Btone.  Bat  Although  the  gnwite  sends  veins  into  these  fosailifeFoas 
rock%  and  is  decidedly  posterior  in  origin,  its  actual  superpositioa 
in  mass  has  been  disproved  by  Frofeesor  £eilhiu,  whose  obser- 
vations on  this  controverted  point  I  bad  opportunitieB  in  1837  of 
verifying.  There  are,  however,  on  a  smaller  scale,  certain  beds  of 
euritic  porphjrj,  some  a  few  feet,  others  many  yards  iu  thickness, 
which  pass  into  granite,  and  deserve  perhaps  to  be  classed  as 
plntonic  rather  than  trappean  rocks,  which  may  truly  be  described 
as  interposed  confonnably  between  fossilifetous  strata,  as  the  por- 
phyries  (a,  c,  fig.  696.)y  which  divide  the  hltominous  ahiles  and 


rigtM.- 


Znittk  porpkjTj  alurulliii  vllb  prliMIT 


argillaceous  limestones,  //,  Bat  some  of  these  same  porphyries  are 
partially  unconformable,  as  &,  and  may  lead  us  to  suspect  that  the 
others  alsoy  notwithstanding  their  appearance  of  in terstratifi cation, 
have  been  forcibly  injected.  Some  of  the  porphyritic  rocks  above 
mentioned  are  highly  quartzose,  others  very  felspathic.  In  pro- 
portitm  as  the  masses  are  more  voluminous,  they  become  more 
granitic  in  their  texture,  less  conformable,  and  even  begin  to  send 
forth  veins  into  contiguous  strata.  In  a  word,  we  have  here  a 
beaatiful  iUuatraUon  of  the  intermediate  gradations  between  volcanic 
md  plutonic  rock^  not  only  in  their  minsralogical  composition  and 
structure,  but  also  in  their  relations  of  position  to  associated  form- 
ations. If  the  term  overlying  can  in  this  instance  be  applied  to  a 
plutonic  rock,  it  is  only  in  proportion  as  that  rock  begins  to  acquire 
a  trappean  aspect, 

It  has  been  already  hinted  titat  the  hea^  which  in  eveiy  active 
volcano  extends  downwards  to  indefinite  depths,  must  produce 
simultaneonsly  very  different  ^ects  near  the  enrfsce  and  far  below 
it;  and  we  cannot  suppose  tiiat  rocks  resulting  from  the  crystal- 
lizing of  fused  matter  under  a  pressure  of  several  thousand  fee^ 
much  less  miles,  of  the  earth's  crust  can  resemble  those  formed  at  or 
near  {be  suHaoe.  Hence  the  production  at  great  depths  of  a  class 
of  rocks  analogous  to  the  volcanic,  and  yet  differing  in  many  par- 
ticulars, might  also  have  been  predicted,  even  had  we  no  plutonic 
formations  to  account  for.  How  well  these  agree,  both  in  their 
positive  and  negative  characters,  with  the  theory  of  their  deep 
subterranean  origin,  the  student  will  be  able  to  judge  by  considering 
tlie  descriptions  already  giveu. 

It  has,  however,  been  objected,  that  if  the  granitic  and  volcanic 
rocks  were  simply  different  parts  of  one  great  series,  we  ought  to 
find  in  mountain  chains  volcanic  dikes  passing  upwards  into  lava 
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and  downwards  into  gntnite.  Bat  we  mxf  answer  that  our  vectinl 
sections  are  nsnally  of  small  extent ;  and  if  we  find  in  cartain  jdacn 
a  tranution  from  trap  to  porooB  lava,  and  in  others  a  paasi^  frna 
granite  to  trap,  it  is  as  mach  as  eonld  be  expected  of  ttds  eridence. 
The  prodigious  extent  of  denudation  which  has  been  alceadj  de- 
monstrated to  have  occnrred  at  former  period^  will  recondk  tbe 
Student  to  the  belief  that  crystalliae  rocks  of  high  antiqailj,  al- 
though deep  in  the  earth's  crost  when  originallj  fonned,  maj  bm 
become  uncovered  and  exposed  at  the  snrfaee.  Hieir  actnal  ele- 
vation above  the  sea  may  be  referred  te  the  same  causes  to  irtdi^ 
we  have  attributed  the  upheaval  of  marine  stista,  even  to  the 
summits  of  some  mountain  chains.  But  to  these  and  other  tt^iks,  I 
shall  revert  when  speaking,  in  the  next  chapter,  of  the  relative  tgs 
of  different  m  asses  of  granite. 
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CHAPTER  ygYTV, 

OH  THi  vnewtamMT  ^oia  or  thz  TLUromo  Bocxa. 

Difficult  in  siceiniiui^tiie  precise  sgeof  aplntonicrack — Teat  of  «ge  by  relatiTe 
poutioa — TeM  hj  iurosion  *nd  ■Itantton — Test  b;  rninenl  compomtioii  — 
Test  bj  included  &*^enU — Recent  uid  Pliocene  plntonic  rocki,  wh;  invisible 
— Tertiarj  plntonic  rocki  in  the  Andei — Orsuile  altering  Cretaceous  rocks  — 
Gnmile  altolnK  Liu  in  the  Alps  and  in  Skje  —  Granite  of  Daianooi  altering 
CartioiiifeToiis  strata — Granite  of  the  Old  Red  Sandatone  period — Sjeute 
•boring  SUnriao  strata  in  'Sonnj — Blending  of  tile  Mme  iritfa  gn(d«— Uom 
andent  plntaaic  rocka— Qranite  jsotmded  in  a  sdid  faaa — On  tbe  probable  age 
ot  the  graoitet  of  Anan,  in  Scodand. 

When  we  adopt  tbe  igneouB  theory  of  granite^  u  expUlned  in  the 
last  cliapter,  and  believe  that  different  plntonic  rocks  have  originated 
at  successive  periods  beneath  the  surface  of  the  planet,  we  most  be 
prepared  to  encounter  greater  difficulty  in  aecertaining  the  precise 
age  of  Buch  rocks,  than  in  the  case  of  volcanic  and  fossiliferoos  form- 
ations. We  must  bear  in  mind,  that  the  evidence  of  the  age  of 
each  contemporaneous  volcanic  rock  woe  derived,  either  from  lavas 
poured  out  upon  the  ancient  sur&ce,  whether  in  the  sea  or  in  the 
atmoBphere,  or  from  tuffs  and  conglomerates,  also  deposited  at  the 
Eurface,  and  either  containing  organic  remains  themaelves,  or  inleiv 
cahtted  between  strata  containing  fossils.  But  all  these  tests  fiul 
when  we  endeavour  to  fix  the  chronology  of  a  rock  which  has  crys- 
tallized from  a  state  of  fusion  in  the  bowels  of  the  earth.  In  that 
case,  we  are  reduced  to  the  follovring  tests  :  1st,  relative  position ; 
2dly,  intrusion,  and  alteration  of  the  rocks  in  contact ;  Sdly,  mineral 
chuncters ;  4thly,  included  fragments. 

Te*t  of  age  by  relative  pontion. — TTualtered  fossiliferons  strata  of 
every  age  are  met  vrith  reposing  immediately  on  plutonic  rocks ;  aa 
at  Christiania,  in  Norway,  where  tba  Newer  Pliocene  deposits  rest 
on  granite  ;  in  Auvergne,  where  the  f^bwater  Eocme  strata,  and 
at  Heidelberg,  on  the  Rhine,  where  the  New  Bed  sandstone  occdpy 
a  similar  place.  In  all  these,  and  similar  instances,  inferiority  in 
position  is  connected  with  the  superior  antiquity  of  granite.  The 
crystalline  rock  was  solid  before  the  sedimentary  beds  were  super- 
imposed,  and  the  latter  usually  contwn  in  them  rounded  pebbles  of 
the  subjacent  granite. 

Tett  by  irUnttiti*  and  alteration. — But  when  plntonic  rocks  send 
veins  into  strata,  and  alter  them  sear  the  point  of  contact,  in  the 
manner  before  described  (p.  571.),  it  is  clear  that,  like  intrusive 
traps,  they  are  newer  than  the  strata  which  they  invade  and  alter. 
Examples  of  the  application  of  this  teat  will  be  given  in  the  seqoeL 
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Tett  by  vuneral  composition Notwithstanding  tt  geatsti  nni- 

lorndtj  in  the  aspect  of  plntonic  rocks,  we  have  seen  in  the  list  chat- 
ter that  tixeie  are  many  Tarietiea,  anch  as  Sjenite,  Talcose  gnoite, 
and  othera.  One  of  these  Tarieties  is  sometimes  fonnd  excluivel; 
preruling  throaghoat  an  extensive  region,  where  it  preeerrM  a 
homogeneous  character  i  so  that,  having  ascertained  its  relative  age 
in  one  place,  we  can  easily  recognize  its  identitj  in  others,  aod  tluu 
determine  from  a  single  section  the  chronological  zelations  of  lai^ 
monut^n  masses.  Having  observed,  for  example,  that  the  syenitie 
granite  of  Norway,  in  which  the  mineral  called  rircon  aboonds,  bs« 
tiered  the  Silurian  strata  wherever  it  is  in  contact,  we  do  not 
hesitate  to  refer  other  masses  of  the  same  circon-syenite  in  the  soath 
of  Norway  to  the  same  era. 

Some  have  imagined  that  the  age  of  difibreot  granites  mij^  to  a 
great  extent,  be  determined  by  their  mineral  charaotera  alone ;  syenite 
for  instance,  or  granite  with  hornblende,  being  more  modem  tlun 
common  or  micaceous  granite.  Bat  modem  investigationa  have  proved 
these  generalizations  to  have  been  premature.  The  syeniiie  granite 
of  Norway  already  alluded  to  may  be  of  the  same  age  as  the  GSlnriin 
strata,  which  it  traverses  and  idt«rs,  or  may  belong  to  the  Old  Bed 
sandstone  period ;  whereas  the  granite  of  Dartmoor,  aldiongh  con- 
sistiog  of  mica,  quartz,  and  felspar,  is  newer  than  the  coaL  (See 
p.  586.> 

Teit  by  included  fragmentt. — This  criterion  can  rarely  be  of  miich 
importance,  because  the  fragments  involved  iu  granite  ate  nsaiUjao 
much  altered,  that  they  cannot  be  referred  with  certainty  to  the  mekt 
whence  they  were  derived.  In  the  White  Mountains,  in  North 
America,  according  to  Professor  Hubbard,  a  granite  vein,  bavenuig 
granite,  contains  fragments  of  elate  and  trap  which  must  have  fUlen 
into  the  fissure  when  the  fused  materials  of  the  vein  were  injected 
from  belo#  *,  and  thus  the  granite  is  shown  to  be  newer  Hiui  certiua 
superficial  daty  and  trappean  formations, 

BecenI  and  Pliocene  plutonic  rocks,  why  invinbU. — The  expbna- 
tions  already  given  in  the  29th  and  in  the  last  ch^iter  of  the  probshle 
relation  of  the  plutonic  to  the  volcanic  formationB,  will  naturally  lead 
the  reader  to  infer,  that  rocks  of  the  one  class  can  never  be  ptodaced 
at  or  near  the  surface  without  -some  members  of  the  other  bong 
formed  below  simultaneously,  or  soon  afterwards.  It  is  not  uncom- 
mon for  lava-streams  to  require  more  than  ten  years  to  oool  in  the 
open  air ;  and  where  they  are  of  great  depth,  a  much  Icmg^  period. 
The  melted  matter  poured  from  JoruUc^  in  Mexico,  in  the  year  175% 
vhich  accumulated  in  some  places  to  the  height  of  550  feel;  was 
found  to  retun  a  high  temperature  half  a  century  after  the  eniption.| 
We  may  conceive,  therefore,  that  great  masses  of  subterranean  lava 
may  remain  in  a  red-hot  or  incandescent  state  in  the  volcanic  fixi 
for  immense  periods,  and  the  process  of  refrigeration  may  be  ex- 
tremely graduaL     Sometimes,  indeed,  this  process  may  be  retarded 

■  giUinuii'i  Jmau.,  No.  £9.  p.  1S3,  f  See  "Prindplu,"  Itdtt,  "JcnllD.* 
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for  AD  indefinite  period,  hj  the  ucession  of  fteafa  supplies  of  heat ; 
for  we  find  that  the  Uva  in  the  crater  of  Stromboli,  one  of  the  Lipari 
Ifllands,  has  been  in  a  state  of  constant  ebnllition  for  the  last  two 
thonsaad  jears ;  and  we  maj  suppose  this  flnid  mase  to  commnnicate 
with  some  caldron  or  reservoir  of  fased  matter  below.  In  the  Isle 
of  Bourbon,  also,  where  there  has  been  an  emission  of  lava  once  in 
every  two  years  for  a  long  period,  the  lava  below  can  scarcely  fail  to 
have  been  permanently  in  a  state  of  liquefaction.  If  then  it  be  a 
reasonable  conjecture,  that  about  2000  volcanic  eruptions  occur  in 
the  course  of  every  century,  either  above  the  waters  of  the  sea  or 
beneath  them*,  it  wiQ  follow,  that  the  quantity  of  plntonic  rock 
generated,  or  in  progress  during  the  Becent  epoch,  must  already  have 
been  considerable. 

But  as  the  plutonic  rocks  originate  at  some  depth  in  the  earth's 
cmst,  they  can  only  be  rendered  accessible  to  human  observation,  by 
subsequent  upheaval  and  denudation.  Between  the  period  when  a 
plutonic  rock  crystallices  in  &e  subterranean  r^ons  and  the  era  of 
its  protrusion  at  any  single  point  of  the  snrhce,  one  or  two  geoli^cal 
periods  most  nsuaUy  intervene.  Hence,  we  must  not  expect  to  find 
the  Recent  or  Newer  Pliocene  granites  laid  open  to  view,  unless  we 
are  prepared  to  assume  that  sufficient  time  has  elapsed  since  the 
commencement  of  the  Newer  Pliocene  period  for  great  upheaval  and 
denudation.  A  plutonic  rock,  therefore,  must,  in  general,  be  of  con- 
siderable antiquity  relatively  to  the  fossiliferous  and  volcanic  forma- 
tions, before  it  becomes  extensively  visible.  As  we  know  that  the 
upheaval  of  land  has  been  sometimes  accompanied  in  Sontb  America 
{^  volcanic  eruptions  and  the  emission  of  lava,  we  may  conceive  the 
more  ancient  plutonic  rocks  to  be  forced  upwards  to  the  enrface  by 
the  newer  rocks  of  the  same  class  formed  snccesdvely  below, — sub- 
terpoaition  in  the  plutonic,  like  superpoution  in  the  sedimentaty 
rocks,  being  usually  characteristic  of  a  newer  origin. 

In  the  accompanying  diagram  (fig.  697.),  an  attempt  is  made  to 
show  the  inverted  order  in  which  sedimentary  and  plutonic  forma- 
tions  may  occur  in  the  earth's  crust. 

The  oldest  plutonic  rock.  No.  L,  has  been  upheaved  at  successive 
periods  until  it  has  become  exposed  to  view  in  a  mountain -chain. 
This  protruBtou  of  No.  L  has  been  caused  by  the  igneous  agency 
which  produced  the  newer  plutonic  rocks  Nos.  IL  TTT,  and  IV, 
Part  of  the  primary  fossiliferous  strata,  No.  1.,  have  also  been  raised 
to  the  surface  by  the  same  gradual  process.  It  will  be  observed  that 
the  Recent  itrctta  No.  4.  and  the  Recent  granitt  or  plntonic  rock 
No,  IV.  are  the  most  remote  from  each  other  in  position,  allliongh 
of  contemporaneous  date.  According  to  this  hypothesis,  the  con- 
vulsions of  many  periods  will  be  required  before  Recent  granite,  or 
granite  of  the  human  period,  will  be  upraised  so  as  to  form  the 
highest  ridges  and  central  axes  of  mountain-chains.     During  that 

*  "Kiuciple*,"  Iiidax,  "  Volcuitc  Ernplioiu,*' 
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•ine  the  Beeent  stnta  No.  4.  might  be  covered  b;  a  great  lui^ 
aewer  aedimentary  formationa. 

Eocrtte  granite  and  pbUimie  nckt. — In  s  former  part  of  this 
Tolnme  (p.  281.),  the  great  utiminulitic  formation  of  the  Alps  and 
Pyrenees  was  referred  to  the  Eocene  period,  and  it  follows  that  thoae 
vast  movements  which  have  msed  fosailiferoas  rocks  ttcaa  the  level 
of  the  sea  to  the  height  of  more  than  10,000  feet  above  its  level 
have  taken  place  since  the  commencement  of  the  tertiary  epoch. 
Here,  therefore,  if  anywhere,  we  might  expect  to  find  hypogene 
formationB  of  Eocene  date  breaking  out  in  tiie  central  axis  or  meet 
diatarbed  region  of  the  loftiest  chain  in  Enrope.  Accordingly,  in 
the  Swiss  Alps,  even  the^yicA,  or  upper  portion  of  the  nnmmnlitic 
aeriee,  haa  been  occasionally  invaded  by  plutonic  rocka,  and  converted 
into  crystalline  schists  of  the  hypogene  class.  There  can  be  little 
doubt  tjiat  even  the  talcose  granite  or  gneiss  of  Mont  Blanc  itaelf  baa 
been  in  a  fnsed  or  pasty  state  since  thejlyteh  was  deposited  at  the 
bottom  of  the  sea ;  and  the  question  as  to  its  age  is  not  so  mnch 
irttether  it  be  a  secondary  or  tertiary  granite  or  gneiaa,  aa  whether  it 
should  be  assigned  to  the  Eocene  or  Miocene  epoch. 

Great  opheaving  movementa  have  been  experienced  in  the  region 
of  the  Andes,  dnring  the  Post-Pliocene  period.  In  some  part,  there- 
fore, of  this  chtun,  we  may  expect  to  discover  tertiary  platonic  rocks 
laid  open  to  view.  What  we  already  know  of  the  atractnre  of  the 
Chilian  Andes  seems  to  realize  this  expectation.  In  a  transverse 
section,  examined  by  Hr.  Darwin,  between  Talparuso  and  Mendoza, 
the  Cordillera  was  fonnd  to  conaist  of  two  separate  and  parallel 
chuns,  formed  of  sedimentary  rocks  of  different  ages,  the  strata  in 
both  resting  on  plutonic  rooks,  by  which  they  have  been  altered. 
In  the  western  or  oldest  range,  c^ed  the  Peuqaenes,  are  black  cal- 
careoDS  clay-slates,  rising  to  the  height  of  nearly  14,000  feet  above 
the  sea,  ia  which  are  shells  of  the  genera  Giyphaa,  Turrit^la,  Te- 
rthratula,  and  AmmoiuU.  Tbeao  rocka  are  supposed  to  be  of  the 
age  of  the  central  parts  of  the  secondary  series  of  Europe.  They 
are  penetrated  and  altered  by  dikes  and  mountain  masses  of  a  pin- 
tonic  rock,  which  haa  the  texture  of  ordinary  gnmite,  but  rarely 
contains  quulo,  being  a  compound  of  albite  and  hornblende. 

Hie  second  or  eastern  chain  consists  chiefly  of  sandstones  and 
conglomerates,  of  vast  thickness,  the  materials  of  which  are  derived 
from  the  mina  of  the  western  chain.  The  pebbles  of  the  conglome- 
rates are,  for  the  most  part,  rounded  fragments  of  the  fossiliferous 
slates  before  mentioned.  The  resemblance  of  the  whole  series  to 
certain  tertiary  deposits  on'  the  shores  of  the  Pacific,  not  only  in 
mineral  character,  but  in  the  imbedded  lignite  and  ailicifled  woods, 
leads  to  the  conjecture  that  they  also  are  tertiary.  Yet  these  strata 
are  not  only  associated  with  trap  rocks  and  volcanic  tofl^bnt  are  also 
altered  by  a  granite  consisting  of  quartz,  felspar,  and  talc.  They  are 
traversed,  moreover,  by  dikes  of  the  same  granite,  and  by  numerous 
veins  of  iron,  copper,  arsenic,  silver,  and  gold ;  all  of  which  can  be 
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traced  to  the  nnderljlDg  granite.*  We  fakve,  therefore,  Btniig 
gronnd  to  presume  thKt  the  plulonic  rock  here  exposed  on  m  lai^ 
settle  in  the  Cluliau  Andes  is  of  later  date  than  certun  tertiai^ 
formation  B. 

But  the  theory  adopted  in  this  work  of  the  subterranetui  origin  of 
the  hjpogene  fbrmalionB  would  be  nntenable,  if  the  snppoeed  ftet 
here  alluded  U^  of  the  appearance  of  tertiary  granite  at  the  surface 
wu  not  a  rare  exception  to  the  general  rule.  A.  considermbte  l^iw 
of  time  mn8t  interrene  between  the  fonnatioa  of  plntonic  and  meta- 
inorphic  rocks  in  the  nether  regions,  and  their  emei^ence  at  tbe  soT' 
face.  For  a  long  series  of  subterranean  morements  must  occur 
before  such  rocks  can  be  nplifled  into  the  atmoaphere  or  the  ocean; 
and,  before  they  can  be  rendered  visible  to  man,  some  strata  irlucli 
previoualy  covered  them  muM  nsnally  liave  been  etripped  off  bj  de- 
nudation. 

We  know  that  in  the.  Bay  of  B^n  in  1538,  in  Cntch  in  1819, 
and  on  several  occasions  in  Peru  and  Chili,  since  the  commencement 
of  the  present  century,  the  permanent  upheaval  or  subsidence  of  land 
has  been  accompanied  by  the  simultiuieouB  emission  of  lava  at  one  or 
more  points  in  the  same  volcanic  re^on.  From  these  and  other 
examples  it  may  be  inferred  that  the  rising  or  sinking  of  the  earth't 
crust,  operations  by  which  sea  is  converted  into  land,  and  land  into 
sea,  are  a  part  only  of  the  consequences  of  subterranean  igneous 
action.  It  can  scarcely  be  doubted  that  this  action  conaista,  in  a  great 
degree,  of  the  baking,  and  occasionally  the  liquefaction,  of  rocki, 
causing  them  to  aaeume,  in  some  cases  a  larger,  in  othera  ■  nnalkr 
volume  than  before  the  application  of  heat  It  consists  also  in  the 
generation  of  gases,  and  their  expanuon  by  heat,  and  the  injection 
of  liquid  matter  into  rents  formed  in  superincumbent  rocka  Ihe 
prodigious  scale  on  which  these  subterranean  causes  have  operated 
in  Sicily  since  the  deposition  of  the  Newer  Pliocene  strata  will  be 
appreciated,  when  we  remember  that  throughout  half  the  surface  of 
that  island  such  strata  are  met  with,  raised  to  the  height  of  iiwa  SO 
to  that  of  2000  and  even  8000  feet'above  the  level  of  the  sea.  In 
the  same  island  also  the  older  rocks  which  are  condguous  to  tbeM 
marine  tertiary  strata  must  have  undergone,  within  the  same  period, 
a  similar  amount  of  upheavaL 

The  like  observations  may  be  extended  to  nearly  the  whole  of 
Europe,  for,  since  the  commenoement  of  the  Eocaie  poiod,  the 
entire  European  area,  including  some  of  the  central  and  very  lo(^ 
portions  of  the  Alps  themselves,  as  I  have  elsewhere  shown  |,  bs^ 
with  the  exception  of  a  few  districts,  emerged  from  the  deep  to  its 
present  altitude ;  and  even  those  tracts  which  were  already  dry  bod 
before  the  Eocene  era  have  almost  everywhere  acquired  additiooal 
height  A  large  amount  of  subsidence  has  also  occurred  dorii^  tha 
same  period,  so  that  the  extent  of  the  subterranean  spaces  which  bars 
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either  become  the  receptacles  of  annken  &sgmeDts  of  the  earth's 
cmst,  or  have  been  rendered  capable  of  sopporting  other  fragmenta 
at  a  much  greater  height  than  before,  muat  be  k  great  that  the^ 
probably  equal,  if  not  exceed  in  volnme,  the  entire  continent  of 
Enrope.  We  are  entitled,  therefore,  to  aak  what  amount  of  change 
of  eqaivalent  importance  can  be  proved  to  have  occurred  in  the 
ear^i's  crust  with^  an  eqaal  qnantitj  of  time  anterior  to  the  Eocene 
epoch.  They  who  contend  for  the  more  intense  energy  of  sabter* 
ranean  canoes  in  die  remoter  eras  of  the  earth's  history  may  find 
it  more  difficult  to  give  an  answer  to  this  question  than  they  anti- 
cipated. 

The  principal  effect  of  volcanic  action  in  the  nether  regions  during 
the  tertiary  period  seems  to  have  conaieted  in  &e  upheaval  to  the 
surface  of  hypogene  fonnations  of  an  age  anterior  to  the  carboni- 
ferous. The  repetition  of  another  series  of  movements,  of  equal  vio- 
lence, might  upraise  the  plntonic  and  metamorphic  rocks  of  many 
secondary  periods ;  and,  if  the  same  force  should  still  continue  to  act, 
the  next  convulsions  might  bring  up  to  the  day  the  tertiary  and 
recent  hypogene  rocks.  In  tbe  course  of  such  changes  many  of  the 
existing  sedimentary  strata  would  suffer  greatly  by  denudation, 
others  might  assume  a  metamorphic  stmcture,  or  become  melted 
down  into  plutonic  and  volcanic  rocks.  Meanwhile  the  deposition 
of  a  vast  thickness  of  new  strata  would  not  fail  to  take  place  during 
the  upheaval  and  partial  destmctioQ  of  the  older  rocks.  But  I  must 
refer  the  reader  to  the  last  chapter  but  one  of  this  volume  for  a 
fuller  explanation  of  these  views. 

Cretaeeotu  period, — It  will  be  shown  in  the  next  chapter  that 
chalk,  as  well  as  lias,  bas  been  altered  by  granite  in  the  eastern 
Pyrenees.  Whether  such  granite  be  cretaceous  or  tertiary  cannot 
eauly  be  decided.  Suppose  b,  i!,d,&g. 
698.,  to  be  three  members  of  tbe  Cre- 
taceous series,  the  lowest  of  which,  b, 
has  been  altered  by  the  granite  A,  the 
modifj^g  influence  not  having  ex- 
tended so  Ear  as  (^  or  having  but 
slightly  affected  its  lowest  beds.  Kow 
it  can  rarely  be  possible  for  the  geolo- 
gist to  decide  whether  the  beds  d  existed  at  the  time  of  tbe  intrusion 
of  A,  and  alteration  of  b  and  e,  or  whether  they  were  subsequently 
thrown  down  upon  e. 

But  as  some  Cretaceous  and  even  tertiary  rocks  have  been  rfused 
to  the  height  of  more  than  9000  feet  in  the  Pyrenees,  we  must  not 
assume  that  plntonic  formations  of  the  same  periods  may  not  have 
been  brought  up  and  exposed  by  denudation,  at  the  height  of  2000 
or  3000  feet  on  tbe  flanks  of  that  chain. 

FMod  of  Oolite  and  Litu, — In  the  department  of  tbe.Hautes 
Alpea,  in  France,  near  Tizille,  M.  Elie  de  Beaumont  traced  a  bUck 
argillaceous  limestone,  charged  with  belemnitea,  to  vrithin  a  few  yards 
of  a  mass  of  granite.  Here  the  limestone  begins  to  put  on  a  granular 
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texture,  bat  IB  extremely  flne-gnined.  When  nearer  the  jtmctun  it 
becomes  gnj,  ind  has  a  aaccharoid  Btmctnre.  In  another  k>cilit7, 
near  Gbampoleou,  a  granite  composed  of  qnartE,  black  mia,  ud 
Toee-colonred  felspar  is  observed  partly  to  overlie  the  aecondiiy 
rocka,  producing  an  alteration  which  extends  for  about  30  feet 
downwards,  diminiBhing  in  tiic  beds  which  lie  farthest  from  tbe 
granite.  (See  fig.  699.)  In 
the  altered  mass  the  irgil- 
laceons  beds  an  hardened, 
Um  limestone  is  saccbanid, 
the  grits  qnartiose,  ud  ia 
ttie  midet  of  them  ii  ■ 
thin  layer  of  an  imperfect 
granite.  It  is  also  an  im- 
portant orcumstance  that 
near  the  point  of  coatict, 
both  the  granite  and  the 
secondary  rocks  become 
metallifbron^  and  ocmbun 
nests  and  small  veini  fd 
blende,  galena,  iron,  and 
copper  pyrites.  The  rtia- 
tifled  ny^  become  harder 
and  more  crystalline,  but 
the  granite,  on  the  contrary,  softer  and  less  perfectly  crystalliied 
near  the  JnnctioQ.* 

Althoogfa  the  granite  is  incnmbent  ia  the  abors  section  (fig.  69S.), 
we  cannot  assume  that  it  overflowed  the  strata,  for  the  distarbaoces 
of  the  rocks  are  so  great  in  this  part  of  the  Alps  that  they  seldom 
retain  the  position  which  they  must  originally  have  occupied. 

A  considerable  mass  of  syenite,  in  the  Isle  of  Skye,  is  described  hj 
Dr.  HacCnlloch  as  intersecting  limestene  and  shale,  which  are  of  the 
age  of  the  lias.f  The  limestone,  which  at  a  greater  distance  from 
the  granite  contains  shells,  exhibits  no  traces  of  them  near  in 
juaction,  where  it  has  been  converted  into  a  pore  crystalline  marUa] 
At  Fredazzo,  in  the  Tyrol,  secondary  strata,  some  of  which  are 
limestenes  of  the  Oolitic  period,  have  been  traversed  and  altered  bf 
plutonic  rocks,  one  portion  of  which  is  an  augitic  porphyry,  which 
passes  insensibly  inte  granite.  The  limestene  is  changed  into  grs- 
nnlar  marble^  with  a  band  of  serpentine  at  the  junction.§ 

Carbontferwu  period. -^Tbe  gTAJiitB  of  Dartmoor,  in  Devooihire, 
was  fbrmerly  supposed  to  be  one  of  the  most  ancient  of  the  plntonie 
rocks,  but  is  now  ascertuned  to  be  posterior  in  date  to  the  enfan- 
measures  of  that  county,  which  &om  thor  position,  and,  as  containiog 

*  Eli*  de  Beuimont,  gar  lea  Men-         {  WeMem  Island^   tqL   L  p.  UO. 
Ugata  de  I'OinDS,   &C.    M^m.   de  k     pUu  IS,  flpt  3,  4. 
Soc  d'Biet.  Nat.  de  Farii,  torn.  r.  J  Ton  Bach,  Anualea  de  Cbimie,  Ac. 

t  Hnreliiaon,  QeoL  Ttatji.  ad  seiies, 
ToL  a  part  iL  pp.  811— SSI. 
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tme  coal-pUnts,  are  regarded  by  Frofeesor  Sedgwick  and  ^  B. 
Murchison  &s  members  of  the  true  carboniferous  series.  This  granite, 
like  the  syenitic  granite  of  Chriatiania,  has  broken  through  ^e  stra- 
tified formations  without  much  changing  tbeir  strike.  Hence,  on  the 
north-west  side  of  Dartmoor,  the  succesaiTe  members  of  the  cahn- 
measures  abnt  against  the  granite,  and  become  metamorphic  as  they 
approach.  These  strata  are  also  penetrated  by  granite  veins,  and 
plutonic  dikes,  called  "  elvans."  *  The  granite  of  Cornwall  is  pro- 
bably of  the  same  date,  and,  therefore,  as  modem  as  the  Carboniferous 
strata,  if  not  much  newer. 

Silurian  period. — It  has  long  been  known  that  the  granite  near 
Christiania,  in  Norway,  is  of  newer  origin  than  the  Silurian  strata  of 
that  region.  Ton  Bnch  first  announced,  in  1813,  the  discovery  of  its 
poBteriori^  in  date  to  limestones  containing  ortbocerata  and  trilobStee. 
Tbe  proois  consist  in  the  penetration  of  granite  veins  into  the  shale 
and  limestone,  and  the  alteration  of  the  strata,  for  a  considerable  dis- 
tance from  the  point  of  contact  both  of  these  veins  and  the  central 
mass  from  which  they  emanate.  (See  p.  ^7.)  Yon  Bnch  supposed 
that  the  plutonic  rock  alternated  with  the  foasiliferous  strata,  and 
that  large  masses  of  granite  were  sometizneB  incumbent  upon  the 
strata ;  but  this  idea  was  erroneona,  and  arose  from  the  fact  that  the 
beds  of  shale  and  Untestone  often  dip  toirards  the  granite  up  to  the 
point  of  contact  appearing  as  if  they  would  pass  under  it  in  mass,  as 
at  a,  fig.  700.,  and  then  again  on  the  opposite  ude  of  the  same 
mountain,  as  at  b,  dip  away  £rom  the  same  granite.  When  the 
junctions,  however,  are  careAilly  examined,  it  is  found  that  the  plu- 
tonic rock  intrudes  itself  in  veins,  and  nowhere  covers  the  foesUifenniB 
atrata  in  large  overlying  masses,  as  is  so  commonly  the  case  vritb 
trappean  formationB.f 


KTow  this  granite,  which  is  more  modem  than  the  Silurian  strata  of 
ISorwAj,  also  sends  veins  in  tbe  same  conntiy  into  an  ancient  fbrma 
tion  of  gneiss ;  and  the  relations  of  tbe  plutonic  rock  and  the  gneiss, 
at  tfadr  junction,  are  full  of  interest  when  we  duly  consider  the  wide 
difference  of  epoch  which  must  have  separated  their  origin. 

The  length  of  this  interval  of  time  is  attested  by  the  following 
facts: — The  fossiliferons,  or  Silurian,  beds  rest  unconformably 
upon  the  truncated  edges  of  the  gneiss,  the  inclined  strata  of  whiiji 
had  been  denuded  befbre  the  sedimentary  beda  were  superimposed 

*  Tmctti.  0«oL  Soc,  toL  1L  p.  96S.[  woiia  of  Kdlluui,  with  whom  I  ex- 
and  Tniw.  Sd  mt.  toL  t.  i>.  686.  amfned  tbU  coontiy. 

f  See  the  Obb  Norregica  and  other 
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(see  fig.  701.).  The  ngna  of  denudation  are  twofold;  first,  the 
sur&ce  of  the  gneits  u  seen  occasionallj,  on  the  remoral  of  tbe 
newer  beds,  contuning  organic  remuns,  to  be  worn  and  smoothed ; 
secondly,  pebUee  of  gneus  hare  been  fonnd  in  some  of  theoe  Silnriia 
strata.  Between  the  origin,  therefore,  of  the  gneiss  and  the  gnaits 
there  interr^ed,  Srst,  the  period  when  the  strata  of  frafua  we» 
denuded ;  secondly,  the  period  of  the  deposition  of  the  Silurian  de- 
posits. Tet  the  granite  prodnced  after  this  long  interval  is  oftm  » 
intimately  blended  with  tbe  ancient  gneiss,  at  the  point  of  junctito, 
that  it  is  impossible  to  draw  any  other  than  an  arbitrary  line  of 
separation  between  them  ;  and  where  this  is  not  the  case,  tortaotii 
reins  of  granite  pass  freely  through  gneiss,  ending  sometimes  ui 
tlireads,  as  if  the  older  rock  had  offered  no  resistance  to  their  pass^e. 
It  seems  necessary,  therefore,  to  conceive  that  the  gneiss  was  softened 
and  more  or  less  melted  when  penetrated  by  tbe  granite.  Bnt  had 
such  junctions  alone  been  vJEible,  and  had  we  not  learn^  &om  other 
sections,  how  long  a  period  elapsed  between  the  consolidation  of  the 
gneiss  and  the  injection  of  this  granite,  we  might  have  suspected 
that  tbe  gneiss  was  scarcely  solidified,  or  had  not  yet  assumed  iu 
complete  metamorpbic  character  when  invaded  by  the  platonic  rock. 
From  this  example  we  may  learn  how  impossiblB  it  is  to  conjectnre 
whether  certain  granites  in  Scotland,  and  other  conntries,  which 
send  veins  into  gneiss  and  other  metamorpbic  rocks,  are  primary,  tx 
whether  they  may  not  belong  to  some  seoandary  or  tertiary  period. 
Oldest  ffranitet.— It  is  not  half  a  century  since  the  doctrine  wsa 
very  general  that  all  granitic  rocks  were  prmitive,  that  is  to  say,  that 
they  originated  before  the  deposition  of  the  first  sedimentary  stnts, 
and  before  the  creation  of  organic  beings  (see  abov^  p.  9.).  But  so 
greatly  are  onr  views  now  changed,  that  we  find  it  no  easy  task  la 
point  out  a  single  mass  of  granite  demonstrably  more  ancient  thin  lU 
the  known  fossiliferous  deposits.  Conld  we  discover  some  Lower 
Cambrian  strata  resting  immediately  on  granite,  there  being  no  alm- 
ations  at  the  point  of  contact,  nor  any  intersecting  granitic  veins,  vs 
might  then  affirm  the  plntonic  rock  to  have  originated  before  the 
oldest  known  foenliferous  strata.  Still  it  would  be  presnmptaoo^ 
as  we  have  already  pointed  out  (p.  456.),  to  suppose  that  when  s 
small  part  only  of  the  globe  has  been  investigated,  we  are  acquainted 
■with  the  oldest  fossiliferous  strata  in  the  cmst  of  onr  planet.  Eroi 
when  these  are  fonnd,  we  cannot  assnme  that  there  never  were  any 
antecedent  strata  containing  organic  remains,  which  may  hiTS 
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become  metamorphic  If  ire  find  pebbles  of  granite  in  k  conglo- 
merste  of  the  Loirer  C  v&brian  s;^stem,  we  may  then  feel  sasured  that 
the  parent  granite  was  formed  before  the  Lower  Cambrian  formation. 
But  if  the  incambent  strata  be  merely  Silnrian  or  Upper  Cambrian, 
the  fundamental  granite,  although  of  high  antiquity,  maj  be  posterior 
Id  dal«  to  knovn  foesiliferons  formations. 

Protrtuion  of  tolid  granite. — In  part  of  Butherlandshire,  near 
Brora,  commoQ  granite,  composed  of  felspar,  quartz,  and  mica,  is  in 
immediate  contact  with  Oolitic  strata,  and  has  clearly  been  elevated 
to  the  surface  at  a  period  sabseqoent  to  the  deposition  of  tliOBe  strata.* 
Frofessor  Sedgwick  and  Sir  B.  Mnrchiaon  conceive  that  thia  granite 
has  been  upheAved  in  a  solid  form ;  and  that  in  brooking  throngh  the 
Bobmarine  depoeitfi,  with  which  it  was  not  perhaps  originally  in  con- 
tact, it  has  fractured  them  so  as  to  form  a  breccia  along  the  line  of 
junction.  This  breccia  consists  of  fragmente  of  shale,  sandstone,  and 
limestone,  with  fossils  of  the  oolite,  all  united  together  by  a  calcareous 
cement.  The  secondary  strata,  at  some  distance  from  the  granite^ 
are  but  slightly  disturbed,  but  in  propwtion  to  their  proximity  the 
amount  of  dislocation  becomes  greater. 

If  we  admit  that  solid  hypogene  rochs,  whether  stratified  or  nn- 
Btradfied,  have  in  such  cases  been  driven  upwards  so  as  to  pierce 
throngh  yielding  sedimentsjy  deposits,  we  shall  be  enabled  to  account 
for  many  geological  appearances  otherwise  inexplicable.  Thns,  for 
example,  at  Weinbiihla  and  Hohnstein,  near  Meissen,  is  Saxony,  a 
mass  of  granite  has  been  observed  covering  strata  pf  the  Cretaceous 
and  Oolitic  periods  for  the  space  of  between  800  and  400  yards 
square.  It  appears  clearly  from  a  memoir  of  Dr.  B.  Gotta  on  this 
subject  f,  that  the  granite  was  thrust  into  its  actual  position  when 
solid.  There  are  no  intersecting  veins  at  the  junction, — no  alteration 
as  if  by  heat,  but  evident  signs  of  rubbing,  and  a  breccia  in  some 
places,  in  which  piecea  of  granite  are  mingled  with  broken  fragments 
of  the  secondary  rocks.  As  the  granite  overhangs  both  the  lias  and 
chalk,  so  the  lias  is  in  some  places  bent  over  strata  of  the  cretaceous  era. 

Relative  age  of  the  graniteM  of  Arran In  this  island,  the  largest 

in  the  Firth  of  Clyde,  being  twenty  miles  in  length  from  north  to 
south,  the  four  great  classes  of  rocks,  the  fbesiliferon:^  volcanic,  plu- 
tonic,  and  metamorphic,  are  all  conspicuously  displayed  withiii  a 
very  small  area,  and  with  thor  peculiar  charact«rB  strongly  con- 
ti^tsted.  In  the  north  of  the  island  the  granite  rises  to  the  height 
of  nearly  3000  feet  above  the  sea,  terminating  in  mountainous  peaks. 
(See  section,  fig.  702.).  On  the  flanks  of  the  same  monntains  are 
chloritic-schists,  blue  roofing-slate^  and  other  rocks  of  the  metamor- 
phic order  (No.  1.),  into  which  the  granite  (No.  2.)  sends  veins. 
This  granite,  therefore,  is  newer  than  the  hypogene  schists  (No.  \.\ 
which  it  penetrates. 

These  schists  are  highly  inclined.    Upon  them  rest  beds  of  con- 
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glomerate  and  sandatona  (No.  8.),  irhich  sre  re&nble  to  tbe  Old 
Bed  fomudon,  to  which  succeed  ruioos  shalea  and  limeetonea 
(No.  4.)  containiag  the  fossils  of  the  Carboniferons  period,  upon 
which  are  other  strata  of  sandstone  and  conglomerate  (nj^ter  part  of 
No.  4.),  in  which  no  fosuls  hare  been  met  with,  which  it  is  con- 
jectured may  belong  to  the  New  Bed  sandstone  period.  All  the 
preceding  formations  are  cnt  through  by  the  volcanic  rocks  (No.  S.), 
which  cansist  of  greenstone,  basalt,  pitchston^  claTstone-pcvphjij, 
and  other  varieties.  These  appear  either  in  the  form  of  dikes,  or  in 
dense  masses  from  50  to  700  feet  in  tMckness,  OTerlying  the  strata 
(No.  4.).  Thej  sometimes  pass  into  syenite  of  so  crystalline  a  form, 
that  it  may  rank  as  a  plntonio  formation ;  and  in  one  region,  at 
PloTerfleld,  in  Glen  Cloy,  a  &ne-grained  granite  (6.  a)  is  seen  asso- 
ciated with  the  trap  formation,  and  sending  T^ns  into  the  sandstone 
or  into  the  upper  strata  of  No.  4  This  interesting  discovery  ol 
granite  in  the  southern  region  of  Arran,  at  a  point  where  it  is  sepa- 
rated from  the  northern  mass  of  granite  by  a  great  thickness  of 
secondary  strata  and  overlying  trap,  was  made  by  Mr.  L.  A.  Necker 
of  Geneva,  during  his  survey  of  Arran  in  1839.  We  also  learn  &om 
later  investigations  by  Prof.  A  C  Bamsay,  that  a  smilar  fine- 
grained granite  (No.  6.  b)  appears  in  the  interior  of  the  northern 
granitic  district,  forming  the  nucleus  of  i^  and  sending  veins  into 
the  older  coarse-grained  granite  (Na  2.).  The  trap  dikes  which 
penetrate  the  older  granite  are  cut  of^  according  to  Mr.  Ramsay,  at 
the  junction  of  the  fine  gruned. 

It  is  not  improbable  tliat  tlie  granite  (No.  6.  b\  may  be  of  the 
same  age  as  that  of  Floverfield  (No.  &  a.),  and  tbia  again  may  belong 
to  the  same  geological  epoch  as  the  trap  formations  (No.  5.).  If 
there  be  any  difference  of  date,  it  would  seem  that  the  finegrained 
granite  must  be  newer  than  the  trappean  rocks.  But,  on  the  other 
hand,  the  coarser  granite  (No.  2.)  may  be  the  oldest  rock  in  Amn, 
with  the  exception  of  the  hypogene  slates  (No.  1.),  into  which  it 
sends  reins. 

An  objection  may  perhaps  at  first  be  started  to  ibis  conclusion, 
derived  from  the  curious  and  striking  fact,  the  importance  of  which 
was  first  emphatically  pointed  oat  by  Dr.  UacCnlloch,  that  no 
pebbles  of  granite  occur  in  the  conglomerates  of  the  red  sandstone 
in  Arran,  although  these  conglomerates  are  several  hnndred  feet  in 
thickness,  utd  lie  at  the  foot  of  lofty  granite  mountains,  which  lower 
above  them.  As  a  general  rule,  all  such  aggregates  of  pebbles  aod 
sand  are  maiidy  composed  of  the  wreck  of  pre-existing  rocks  occur- 
ring in  the  immediate  vicinity.  The  tot^  absence  therefore  of  gr^ 
nitic  pebbles  baa  justly  been  a  theme  of  wonder  to  those  geologists 
who  have  successively  visited  Arran,  and  they  have  carefully  searched 
there,  as  I  have  done  myself,  to  find  an  exception,  but  in  vfun.  Tbe 
rounded  masses  consist  exclnsivety  of  quarts,  cMorite-achist,  and 
other  members  of  the  metamorphic  series  ;  nor  in  the  newer  conglo- 
merates of  No.  4.  have  any  granitic  fragments  been  discovered.  Are 
we  then  entitled  to  affirm  that  the  coarse-grained  granite  (No.  2.),  lik« 
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the  fine-gnmed  T&iiety  (No.  6.  a),  ii  mora  modern  thui  lU  tlie  otber 
TockB  of  the  island  ?  Thia  we  cannot  usatue  at  present,  bat  we  may 
confidently  infer  that  when  the  various  beds  of  sandstone  and  oon* 
gtomerate  were  formed,  no  granil«  bad  reached  the  snrfice,  or  had 
been  exposed  to  denudation  in  Arran.  It  is  clear  that  the  crystsllins 
schists  were  (p'ound  into  sand  and  shingle  when  the  strata  No.  3. 
were  deposited,  and  at  that  time  the  waves  had  never  acted  upon  the 
granite,  which  now  sends  its  veins  into  the  schist.  Uaj  we  then 
concludes  t^&t  the  schists  suffered  denudation  before  they  were  in- 
vaded by  granite  ?  This  opinion,  although  not  inadmisuble,  is  by 
no  means  fully  borne  oat  by  the  evidence.  For  at  the  time  when 
the  Old  Bed  Sandstone  originated,  the  metamorphic  strata  miy  have 
formed  islands  in  the  se^  as  in  fig.  70S.,  over  which  the  breaker* 
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rolled,  or  from  whieli  torrents  and  rivers  descended,  carryiog  down 
gravd  and  sand^  The  plutonic  rock  or  granite  (b)  may  even  ibea 
have  been  previously  injected  at  a  certain  depth  below,  and  yet  miy 
never  have  been  exposed  to  denudation. 

As  to  the  time  and  manner  of  the  subsequent  protrusion  of  the 
coarse-grained  granite  (No.  2.),  this  rock  may  have  been  tbmst  np 
bodily,  in  a  solid  form,  during  that  long  series  of  igneoas  operatiaat 
which  produced  the  trappean  and  plutonic  formations  (Nob.  5,  &  o, 
and  6.  A). 

We  have  shown  that  these  emptions,  whatever  their  date,  woe 
posterior  to  the  deposition  of  all  the  fotsiliforous  strata  of  Arru. 
We  can  also  prove  that  subsequently  both  the  granitic  and  trappean 
rocks  underwent  great  aqneons  denudation,  which  they  probsUj 
auSbred  during  their  emei^ence  &om  the  eea.  The  fact  is  demoo- 
strated  by  the  abrupt  truncation  of  numerous  dikes,  such  as  those  it 
c,ii,e,  which  ara  cut  off  on  the  aarface  of  the  granite  and  trap.  Tbs 
overlying  trap  also  ceases  very  abmptly  on  approaching  the  boundiiy 
of  the  great  hypogene  region,  and  terminAes  in  a  steep  escarpment 
facing  towards  it  as  at  /  fig.  702.  When  in  its  original  fluid  siaU 
it  could  not  have  come  thus  suddenly  to  an  end,  but  mnst  have  filM 
np  the  hollow  now  separating  it  fVom  the  hypogene  rocks,  had  rod 
a  hollow  then  existed.  This  necessity  of  supposing  that  both  ike 
trap  and  the  conglomerate  once  exteoi^  &rther,and  that  veins  sndi 
u  c,  (^  fig.  702.,  were  once  prolonged  farther  upwards,  prepsns  u 
to  believe  that  the  whole  of  the  northern  granite  may  at  one  lime 
have  been  covered  by  newer  formations,  under  the  pressure  of  whiclL 
before  its  protrusion,  it  assumed  its  highly  crystalline  texture. 

The  theory  of  the  protrusion  in  a  solid  form  of  the  oortben 
nucleus  of  granite  is  confirmed  by  tiie  manner  in  which  the  hypogeae 
elates  (No.  1.)  and  the  beds  of  conglomerate  (No.  3.)  dip  away  fiva 
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it  on  &U  Bii6a,  In  some  places  indeed  the  aUtes  are  inclined  towards 
the  granite,  but  this  exception  might  have  been  looked  for,  becaaae 
these  hj|iogene  Btrata  hare  undergone  disturbances  at  more  than  one 
geological  epoch,  and  majr  at  some  points,  perhaps,  hare  their  original 
order  of  position  inTerl«d.  The  high  inclination,  therefore,  and  the 
quai^naveraal  dip  of  the  beds  around  the  borders  of  the  granitic  boss, 
and  the  comparative  horizontalitj  of  the  fossiliferous  strata  in  the 
southern  part  of  the  island,  are  facts  which  all  accord  with  the  hypo- 
thesis of  a  great  amount  of  movement  at  that  point  where  tbegranite 
is  supposed  to  have  been  thrust  up  bodily,  and  where  we  may  con- 
ceive it  to  have  been  distended  laterally  by  the  repeated  injection  of 
fresh  supplies  of  mdted  materials.* 

■  Var  the  getAogj  of  Axnn  consult  Neckoc't  Memoir,  rekd  to  the  Bajtl 

the  worlu  of  Dn.  Bmum  and  HmCoI-  8oc  of  Edio.  SOth  April,  1840,  and  Hr. 

loch,    the   Memoin    of  Jietsa.    Vou  Somiajr'a  GeoL  of  Amn,  1841.    I  ex- 

Dechen  and  Oeynhaiisen,  that  of  Pro-  amined  mjttif  a  Ui^  pan  of  Airan 

ftxor  Bed^ick  and  SirK  Mutchiaon  in  1838. 
(GeoL  Tnuu.  Id  uriea)    Mr.  L.  A. 
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CHAPTER  XXXV. 

HETAHOSFHIC  KOCKS. 


Genenl  chanctei  of  metamiiniluc  locka — GnetBa  — Bornbleote-fdiiM  —  SG»- 
scliist  —  Clay-«late  —  Qaaruite  —  CUonte-Khiit  —  Hclamorphic  limcttooa  — 
Alphobelicol  li«l  and  exjduiUion  of  tbe  more  abondant  rocki  of  this  baulj 
— Origin  of  tke  meCamorphic  KraCa — Their  nnttficaCion  —  EVmliAmia  itrUB 
near  intnuiTe  maaui  of  granite  converMd  into  rocka  identical  with  difiacDt 
Eoemben  of  tlie  metaiiior]Aic  «erie*  —  ArgntDentt  hence  derived  aa  to  th« 
natme  of  plntonie  aotion  —  Time  tnaj  enable  this  action  to  perrado  deiua- 
maaaea  —  Fiom  vbat  kindi  of  icdiiaentu;  rock  Mch  rerietj  of  tlie  metamorptuc 
claa  may  be  derived — Certain  objectiooa  to  the  melamoijiluc  theoiy  cmaidered 
—  Partial  coaremion  of  Eocene  aUle  into  gneiss. 

We  hare  now  considered  three  distinct  elasses  of  rocks:  6nt,  tbe 
aqueoui,  or  fossiliferous ;  eecondlj,  the  volcuiic ;  and,  tbirdlj,  tbe 
plutonic,  or  granitic;  and  we  have  now,  lastly,  to  examine  tboee 
crystalline  (or  hjpogene)  strata  to  which  the  name  of  melamorpiie 
has  been  assigned.  The  last-mentioned  term  expresses,  as  before 
expluned,  a  theoretical  opinion  that  sach  strata,  after  having  been 
deposited  from  water,  acquired,  by  the  influence  of  heat  and  other 
canses,  a  highly  crystalline  texture.  They  who  still  quesdtm  this 
opinion  may  call  the  rocks  under  consideration  the  stratified  hypo- 
gene,  or  schisto^  hypogene  formations. 

These  rocks,  when  in  their  most  characterisdc  or  normal  states  are 
wholly  devoid  of  organic  remains,  and  contain  no  distinct  &^ments 
of  other  rocke,  whether  rounded  or  angular.  Tbej  eometiniee  break 
out  in  the  central  parts  of  narrow  mountain  chains,  but  in  other 
cases  extend  over  areas  of  vast  dimensions,  occupying,  for  example^ 
nearly  the  whole  of  Norway  and  Sweden,  where,  as  in  Brazil,  tbe^ 
appear  alike  in  the  lower  and  higher  grounds.  In  Great  Britun, 
those  members  of  the  series  which  approach  most  nearly  to  granite 
in  their  composition,  as  gneiss,  mlca-schiet,  and  hornblende-schist, 
are  confined  to  the  country  north  of  the  rivers  Forth  and  Clyde. 

However  crystalline  these  rocks  may  become  in  certun  regi(«s, 
they  never,  like  granite  or  trap,  send  veins  into  contignoua  forma- 
tions, whether  into  an  older  schist  or  granite  or  into  a  set  of  newer 
fossiliferous  strata. 

Many  attempts  have  been  made  to  trace  a  general  order  of  wac- 
txssion  or  superposition  in  the  members  of  this  family ;  day-slAte, 
for  example,  having  been  often  supposed  to  hold  invariably  a  higher 
geolt^cal  position  than  mica-schist^  and  mica-schist  alvayt  to 
overlie  gneiss.    But  although  such  an  order  may  prevail  throoglt- 


,i^,Coo>^[c 


Ca.  XXXT.]  QKBISS  —  H0RNBLBKI>£-«0HI8T.  595 

ont  limited  districts,  it  is  bjr  no  means  uoiversal.  To  tliis  subject, 
however,  I  shall  again  revert,  in  the  37th  chapter,  Then  the  chro< 
nological  relations  of  the  metomorphic  rocks  ore  pointed  out 

The  following  ma^  be  enninerated  as  the  principal  members  of  the 
metomorphic  class: — gneiss,  mica-achiet,  hornblende-schist,  clay- 
slate,  chlorit«-scliist,  hjpogene  or  metomorphic  limestone,  and  certain 
kinds  of  qnortz-rock  or  quartzite. 

Gneiu. — The  first  of  these,  gneiss,  maj  be  called  stratified,  or,  bj 
those  who  object  to  that  term,  folioted,  gronite,  being  formed  of  the 
same  moteriids  as  granite,  namely,  felspar,  quoriz,  aod  mico.  In  the 
specimen  here  figured,  the  white  layers  consist  almost  exclDsively  of 
gruiulor  felspor,  with  here  and  there  o  speck  of  mico  and  grain  of 
qoortz.     The  dork  layers  are  composed  of  grey  quartz  and  black 
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mica,  witb  occasionally  a  grtun  of  felspar  iniermixed.  The  rock 
splits  most  easily  in  the  plone  of  these  darker  layers,  and  the  surface 
thus  exposed  is  almost  entirely  covered  with  shining  spangles  of 
mica.  The  accompanying  quartz,  however,  greatly  predominates  in 
quantity,  but  the  most  ready  cleavage  is  determined  by  the  abun- 
dance of  mico  in  certain  ports  of  the  dark  layer. 

Instead  of  consisting  of  these  thin  lominte,  gneiss  is  sometimes 
simply  divided  into  thick  beds,  in  which  the  mics  has  only  a  shght 
degree  of  paralleUsm  to  the  planes  of  stratification. 

The  term  "gneiss,"  however,  in  geology  is  commonly  used  in  o 
wider  sense,  to  designate  a  formation  in  which  the  abore>mentioned 
rock  prevails,  but  with  which  any  one  of  the  other  metomorphio 
rocks,  and  more  especially  horublende-schist,  may  alternate,  lliese 
other  members  of  the  metomorphic  series  are,  in  this  case,  considered 
as  subordinate  to  the  true  gneiss. 

The  different  varieties  of  rock  allied  to  gneiss,  into  which  felspar 
enters  as  on  essential  ingredient,  wiU  be  understood  by  referring  to 
what  was  sud  of  gronite.  Thus,  for  example,  hornblende  may  be 
superadded  to  mico,  quartz,  and  felspar,  forming  a  syenitic  gneiss ; 
or  talc  may  be  substituted  for  mico,  constituting  tolcose  gneiss,  a 
rock  composed  of  felspar,  quartz,  and  tolc,  in  distinct  crystals  or 
grains  (stratified  protogine  of  the  French). 

Somblende-schist  is  usually  black,  and  composed  principally  of 
hornblende,  with  o  voriable  quantity  of  felspar,  and  sometimes  grains 
OQ  ! 
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of  qnartz.  When  the  hornblende  and  felspar  are  nearlj  in  equal 
qoantities,  ftnd  the  rock  is  not  slaty,  it  coiresponda  in  character  with 
tiie  greenstones  of  the  trap  familj,  and  has  been  called  "  prinutJTe 
greengfone."  It  may  be  termed  hornblende  rock.  Some  of  theae 
homblendic  maasea  maj  really  have  been  volcanic  rocks,  which  have 
since  assumed  a  more  crystalliiie  or  metamorphic  texture. 

Mica-tcAiit,  or  Mieaeeotu  tehitl,  is,  next  to  gneiss,  one  of  the  most 
abundant  rocks  of  the  metamorphic  series.  It  is  slaty,  easentiaUj 
composed  of  mica  and  quartz,  the  mica  sometimes  appearing  to  con- 
stitute the  whole  mass.  Beds  of  pore  qoartz  also  occur  in  thit 
formation.  In  some  districts,  gamete  in  regular  twelve-dded  crystab 
form  an  integrant  part  of  mica-schist.  This  rock  passes  by  insenaibte 
gradations  into  ctay-slatfl. 

Clay-tlate,  or  ArgiUaeeouM  tchisL — lliis  rock  sometimes  resembles 
an  indurated  clay  or  shale.  It  is  for  the  most  part  extremely  flsnk^ 
often  affording  g^ood  roofing-slate.  Occnionally  it  derives  a  shining 
and  silky  lustre  from  the  minute  particles  of  mica  or  talc  which  it 
contains.  It  varies  from  greenish  or  bluish-grey  to  a  lead  colour; 
and  it  may  be  stud  of  this,  more  than  of  any  other  schist,  that  it  is 
common  to  the  metamorphic  and  foaailiferona  series,  for  some  clay- 
slates  taken  from  each  division  would  not  be  distinguishable  by 
mineral  characters  alone. 

QuartxUe,  or  Quartz  rock,  is  an  aggregate  of  grains  of  qnartx 
which  are  either  in  minute  crystals,  or  in  many  cases  slightly 
rounded,  occurring  in  regular  strata,  associated  with  gneiss  or  oth^ 
metamorphic  rocks.  Compact  quartz,  like  that  so  frequmtly  fonad 
in  veins,  is  also  found  together  with  granular  qnartzit&  Both  of 
these  alternate  with  gneiss  or  mica-echtgt,  or  pass  into  those  rocks 
by  the  addition  of  mica,  or  of  felspar  and  mica. 

Chloritt-iehUt  is  a  green  slaty  rock,  in  which  chlorite  is  abundant 
in  foliated  plates,  usually  blended  with  minute  grains  of  quartz,  or 
sometimes  with  felspar  or  mica ;  often  associated  with,  and  gn- 
duatiog  into,  gneiss  and  clsy-slato. 

Crystalline  or  Metamorphic  limetbme.  —  This  bypogene  rock, 
colled  by  the  earlier  geolf^ists  primary  limestoiu,  is  sometimes  a 
white  crystalline  granular  marble,  which  when  in  thick  beds  can  be 
used  in  sculpture  ;  but  more  frequently  it  occurs  in  thin  beds,  fwia- 
ing  a  foliated  schist  much  resembling  in  coloup  and  appearance 
certain  varieties  of  gneiss  and  mica-schist.'  When  it  alternates  with 
these  rocks,  it  ottea  contains  some  crystals  of  mica,  and  occasionally 
quartz,  felspar,  hornblende,  talc,  chlorite,  garnet,  and  other  minerals. 
It  enters  sparingly  into  the  stmcture  of  the  hypogene  districts 
of  Norway,  Sweden,  and  Scotland,  but  is  largely  developed  in  the 
Alps. 

Before  offering  any  farther  observations  on  the  probable  origin  of 
the  metamorphic  rocks,  I  suljoin,  in  the  form  of  a  glossary,  a  brirf 
explanation  of  some  of  the  principal  varieties  and  their  syn(Hiyi>>B> 
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£aeplanation  of  the  Nantet,  Sgnonyms,  and  Mineral  Comptaitum  of 
the  more  abvadant  Metamorphie  Roeki. 

AcnnouTm-BCHiar.  A  slaty  folUted  rock,  compoacd  chieflj  of  actinolite,  (as 
emerald-green  minera],  allied  to  hornblende,)  with  some  ■dmixton  of 
garaet,  mica,  and  qnartE. 

AurKLlTK.  Alnminmu  ilata  (Brongmart)  ;  occnn  both  in  the  metamotpbic  and 
foBailifenms  aeriea. 

Amphibolite,    Honibleade  rock,  which  see. 

Aaou-LACiouB-acHiaT.  or  CLAi-si^Ta.     Sw  p.  696. 

Aaioas.  Name  giien  bj  Brongninrt  to  a  compound  of  the  ume  material!  aa 
gmiita,  which  it  often  reiienibles  cloaelj.  It  is  found  at  the  junction  <rf' 
granite  with  (ormationt  of  diSeient  agei,  and  connsts  of  ciTMala  of  felspar, 
qnaita,  and  looietimeB  mica,  which,  after  aepaia^on  fWioi  their  original 
matrix  hj  diaintegnttioD,  have  been  reunited  bj  a  allicaona  a  qnartaoae 
cement.    It  is  often  penetrated  by  qnaitz  Telca. 

CmastouTS-auiTB  K*re«l7  diCfer*  fk«m  cl«T-«laIe,  bnt  includes  nnmerona  oTstali 
of  Chiaitolita  :  in  conaiderable  thickneu  in  Cumberland.  Chiasiolite 
occur*  in  long  slender  rhomboidal  crrstala.  Forcompositiuni-see  Table, 
p.  479. 

CaiABiTB-scHltT.  A  gTeeD  alaljr  rock,  in  which  chlorite,  a  green  scalj  mineral, 
is  ^randant.    Sm  p.  696. 

Ci.aT-iLaiB  or  ABSiu-acBons-BCBiaT.     Ste  p.  S9S. 

s  also 


Qhbim.  a  stratified  or  foliated  rock ;  haa  the  laiiM  eompoeition  aa  gianite.  8h 
p.  S9S. 

EoBiTHLEaDi  Sock,  or  AiirHiBOLrrB.  Stt  abore,  p,  477.  A  member  both  of 
the  Tolcaoic  and  metaiaorphic  series.  Agrees  in  composition  with  horn- 
blende-schist, bnt  is  not  fissile. 

HoKMm.avi>B-scBisT,   or   et^t^    Composed  of  homUende   and   felspar.     Stt 

p.  sgs. 

BoB»BLzin>ia  or  Sixhitio  OnBite.  Compoaed  of  llelipai,  qaarts,  and  horn- 
blende. 

ErpoouiE  LiMssTOBa.     Set  p.  SB6. 

UiBBLS.     Set  pp.  13.  &  S96. 

]iici-scHi»T,  or  MicACEoca-soBisi.  A  slaty  rock,  composed  of  mica  and 
qnarti,  in  Tariable  proportions.    Stt  p.  S96. 

Hici-n-iTB.    St»  Mioa-scHi8T,  p.  596. 

PHTu.ai>E.    D'Atdxiisaon'a  term  for  claj-slotc,  from  f  uxxac,  a  heap  of  leerea. 

pRiiuftT  LiiOMTonB.     Ste  Httooxhe  LimaToiia,  p.  59B. 

Fbc»togihe.     Stt   Talcosi-shbiss,  p.   G95.;  when  nnttratiSed   it  is   Talcose- 

Qdarte  Boci,  or  QnABTZiTB.    A  itratifled  TOck  ;   an  aggregate  of  grdns  of 

qoarO.     Stt  p.  A96. 
SzkPxxTiHB  has  already  been  described  (p.  4TB.)  becatue  it  occurs  in  both  divi- 

sions  of  the  bypogene  serieii  aa  a  nratifled  or  nnstratifled  rock. 
Tai^oCE-OHEUs.    Same  composition  aa  talcose- granite  or  protogine,  bat  stratified 

or  foliated.     Stt  p.  599. 
Talc(M>-«chi8t  eonsists  chiefly  of  talc,  or  of  (ale  and  quartz,  oi  of  talc  and  fel> 

spar,  and  has  a  teKture  something  like  ihat.of  clay-slate.  ' 
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Origin  of  the  Metamorphic  Strata. 

Haring  said  thus  rnnch  of  tlie  mineral  composition  of  the  meta- 
morphic rocks,  I  maj'  combine  what  remains  to  be  said  of  their 
structure  and  history  with  an  accoont  of  the  opinions  entertained  of 
their  probable  origin.  At  the  same  time,  it  may  be  well  to  forewarn 
the  reader  tliat  we  are  here  entering  upon  ground  of  controreny, 
and  soon  reach  the  limits  where  positive  induction  eade,  and  beyond 
which  we  can  only  indulge  in  specalations.  It  was  once  a  favoorite 
doctrine,  and  is  still  mtuntained  by  many,  that  these  rocks  owe  tbrir 
crystalline  texture,  their  want  of  all  signs  of  a  mechanical  origin,  or 
of  fossil  contents,  to  a  peculiar  and  nascent  condition  of  the  planet  at 
the  period  of  their  formation.  The  arguments  in  refutation  of  thia 
hypothesis  will  be  mora  fully  considered  when  I  show,  in  the  last 
chapter  of  this  volume,  to  bow  many  different  ages  the  metam<vphic 
formations  ara  referable,  and  how  gneiss,  mica-«chis^  clay-slate,  and 
hypogene  limestone  (that  of  Carrara  for  example)  have  been  formed, 
not  only  since  the  first  introduction  of  organic  beings  into  this  planet, 
but  even  long  after  many  distinct  races  of  plants  and  ^mimaia  h^ 

The  doctrine  respecting  the  crystalline  strata,  implied  in  th3 
name  metamorphic,  may  properly  be  treated  of  in  this  place ;  ani 
we  must  first  inquire  whether  these  rocks  are  really  entitled  to  be 
called  stratified  in  the  strict  sense  of  having  been  originally  de- 
posited as  sediment  from  water.  The  general  adoption  by  geolt^sls 
of  the  term  stratified,  as  applied  to  these  rocks,  sufficiently  attests 
their  division  into  beds  very  analogous,  at  least  in  form,  to  ordinaiy 
fossiliferons  strata.  This  resemblance  is  by  no  means  confined  to 
the  existence  in  both  occasionally  of  a  laminated  structnr^  bat  ex- 
tends to  every  kind  of  arrangement  which  is  compatible  with  tie 
absence  of  fossils,  and  of  sand,  pebbles,  ripple-mark,  and  other  cha- 
racters which  the  metamorphic  theory  supposes  to  have  been  oW 
literated  by  plutonic  action.  Thus,  for  euunple,  we  behold  alike  m 
the  crystalline  and  fossiliferons  fonnations  an  alternation  <^  beds 
varying  greatly  in  composition,  colour,  and  thickness.  We  obserw^ 
for  instance,  gneiss  alternating  with  layers  of  black  homblendt- 
schist,  or  of  green  cblorite-schist,  or  with  granular  qnarti^  or  lime* 
stone ;  and  the  interchange  of  these  difibrent  strata  may  be  repealed 
for  an  indefinite  number  of  times.  In  the  like  manner,  mica-schist 
alternates  with  chlorite-schist,  and  with  beds  of  pura  quarts  or  of 
granular  limestone. 

We  have  already  seen  that,  near  the  inunediate  contact  of  granitic 
veins  and  volcanic  dikes,  very  extraordinary  alterations  in  racks 
have  taken  place,  mora  especially  in  the  neighbourhood  of  granita. 
It  will  be  useful  here  to  add  other  illustrations,  showing  that  a  tex- 
ture undistinguisbable  from  that  which  characterises  the  more 
crystalline  metamorphic  formations  haa  actually  been  snperinduced 
in  strata  once  fossiliferous. 
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Id  the  sonthem  extramitj  of  Norway  there  u  ft  Urge  district,  on 
the  vest  side  of  the  fiord  of  Christiania,  id  which  granite  or  syenite 
protmdes  in  moDntain  masaee  throogh  fosaUiferoug  strata,  and  usually 
senda  veina  iDto  them  at  the  point  of  coatact.  The  stratified  rocka, 
replete  with  shellfl  aDd  zoophyteii,  consist  chiefly  of  shale,  limeetODe, 
and  some  BaDdstone,  and  all  these  are  invariably  altered  Dear  the 
graoite  for  a  distaace  of  from  50  to  400  yards.  The  alumiDODS 
shales  are  hardened  aDd  have  become  flinty.  Sometimea  they  re- 
semble jasper.  RibboDed  jasper  is  produced  by  the  hardeniDg  of 
alternate  layers  of  greea  and  chocolate-<KiIoured  schist,  each  stripe 
faithfully  representing  the  origiDal  linea  of  stratification.  Nearer 
the  granite  tiie  schist  ofieD  coDtains  crystals  of  hornblende,  which 
are  eveD  met  with  Id  soDie  places  for  a  distance  of  several  hundred 
yards  from  the  juDctiou ;  aDd  thia  black  honiUeDde  is  eo  abundaDt 
diat  eminent  geologists,  when  passing  throogh  the  country,  have 
confounded  it  with  the  ancient  hombtende'Schiet,  subordinate  to  the 
great  gneiss  formatioD  of  Norway.  Frequently,  betwecD  the  gnuuta 
ind  the  bombleDde  state,  above-meDtioDed,  graiDs  of  mica  and  crys- 
'AlliDe  felspar  appear  in  the  schist,  bo  that  rocka  resembling  gneias 
ind  mica-BchiBt  are  produced.  Fossils  can  rarely  be  detected  in 
iheae  schists,  and  they  are  more  completely  effiued  in  proportioD  to 
the  more  crystalline  texture  of  tbe  beds,  and  thdr  viciDity  to  the 
fntnite.  In  some  places  tbe  siliceous  matter  of  the  schist  becomes  a 
p-anular  qnarta;  and  when  hornblende  and  mica  are  added,  the 
iltered  rock  loses  its  stratificatioD,  aDd.  paasea  into  a  kind  of  granite. 
The  limestone^  which  at  points  remote  from  the  granite  is  of  an 
tarthy  texture  and  blue  colour,  aud  oftcD  abouuda  id  corala,  becomes 
a  white  granular  marble  near  tbe  gnuite,  sometimea  ailiceous,  the 
fraDular  stmctnre  exteDding  occasionally  upwards  of  400  yuds  from 
tie  junction  ;  the  corals  being  for  the  most  part  obliterated,  tbongb 
Dmetimes  preserved,  even  in  the  white  marble.     Botit  tbe  altered 


limestone  aDd  hardened  slate  coDtaiD  gamete  io  many  places,  also 
ores  of  iron,  lead,  and  copper,  with  some  silver.  Theee  alterationa 
occur  equally,  whether  the  granite  invades  the  atrata  in  a  line  pa- 
rallel to  the  general  strike  of  the  fossiliferous  beds,  or  in  a  line  at 
<l  Q  * 
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right  BoglM  to  th^  strike,  bs  will  be  le^i  bj  the  tMoatDftajiag 
ground  plan.* 

The  indurated  and  ribboned  Bchista  above  mentioned  bear  «  stmns 
reaemblance  to  certain  shales  of  the  coal  fonnd  at  Snaaell's  Hall, 
near  Oadley,  where  coal-minea  hare  been  on  fire  for  ages.  Beda  of 
shale  of  coutidernble  thickness,  lying  ovor  the  burning  coal,  hare 
been  baked  and  hardened  so  as  to  acquire  a  flintj  fracture,  the  lajrers 
being  alternately  green  and  brick-coloured. 

The  granite  of  Cornwall,  in  like  manner,  sends  forth  veins  into  a 
coarse  argillaceous-schist^  provincially  termed  killas.  This  killas  la 
converted  into  hornblende-schist  near  the  contact  with  the  veina. 
These  appearances  are  well  seen  at  the  junction  of  the  granite  and 
killas,  in  St.  Michael's  Uount,  a  small  island  nearly  800  feet  high, 
situated  in  the  bay,  at  a  distance  of  about  three  miles  &om  Pen- 
eance. 

The  granite  of  Dartmoor,  in  Devonshire,  says  Sir  H.  De  la  Beche, 
has  intruded  itself  into  the  slate  and  slaty  sandstone  called  greywack£, 
twisting  and  contorting  the  strata,  and  sending  veins  into  tbem. 
Hence  some  of  the  elate  rocks  have  become  "  micaceous ;  others  more 
indurated,  and  with  the  characters  of  mica-slate  and  gneiss ;  while 
others  agun  appear  converted  into  a  hard-zoned  rock  strongly  im- 
pregnated with  felspar."  f 

Wo  learn  &om  tiio  investigations  of  M.  DniV^noy,  that  in  th( 
eastern  Pyrenees  there  are  monntun  maices  of  granite  poetorior  it 
date  to  the  fomiationB  called  lias  and  chalk  of  that  district,  and  tha- 
these  fossiliferons  rocks  are  greatly  altered  in  texture,  and  oftci 
charged  with  iron-ore,  in  the  neigUMurhood  of  the  granite.  Ilini 
in  the  environs  of  St.  Uartin,  near  St  Paul  de  F^nouillet,  the  chalky 
limestone  becomes  more  crystalline  and  aaccharoid  as  it  ^proache 
the  granite,  and  loses  all  trace  of  the  fossils  which  it  previously  con 
tained  in  abunduioa  At  some  pcnnts,  also^  it  becomes  dolomitic 
and  filled  with  small  veins  of  carbonate  of  iron,  and  spots  of  rec 
iron-ore.  At  Rancid  tbe  lias  nearest  the  granite  is  not  only  fillet 
with  iron-ore,  bat  chai^^  with  pyrites,  tremolite,  garnet,  and  a  new 
mineral  somewhat  allied  to  felspar,  called,  from  the  place  in  the 
Pyreneee  where  it  occurs,  "  couzeranite." 

Now  the  alterations  above  described  as  superinduced  in  rocks  by 
volcanic  dikes  and  granite  veins  prove  incontestably  that  powers 
exist  in  nature  capable  of  transforming  fossiliferons  into  crystalline 
strata — powers  capable  of  generating  in  them  a  new  mineral  charac- 
ter, similar  to,  nay,  often  absolutely  identical  with  that  of  gneiss, 
mica-schtat,  and  other  stratified  members  of  the  hypogene  series.  The 
precise  nature  of  diese  altering  causes,  which  may  provisionally  be 
termed  plutooic,  is  in  a  great  degree  obscnre  and  doobtfiil ;  hot 
their  re^ty  is  no  less  clear,  and  we  must  suppose  the  influence  of 
heat  to  be  in  some  way  connected  with  the  transmulaticai,  i^  for 
reasons  before  explained,  we  concede  the  igneoos  origin  of  granite. 

*  KeilluM,GMNorvegie*,pp.et— .63.  f  Q"*'  Uuiul,p.4ra- 
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The  experiments  of  Gregoc;  Wktt,  in  Aising  rocks  in  the  labont- 
toiy.  Bad  allowing  them  to  consolidate  by  alow  cooling,  prore  dis- 
tinctly that  a  rock  need  not  be  perfectly  melted  in  order  that  a 
re -arrangement  of  its  component  particles  should  take  place,  and  a 
partis  ctystaUiiation  ensue.*  We  may  easily  suppose,  therefore, 
that  aU  tracee  of  shells  and  other  organic  remains  may  be  destroyed ; 
and  that  new  chemical  combinations  may  arise,  without  the  mass 
being  so  fused  as  that  the  lines  of  stratification  should  be  wholly 
obliterated. 

We  most  not,  however,  imagine  that  heat  alone,  such  as  may  be 
applied  to  a  stmie  in  the  open  air,  can  constitute  all  that  is  comprised 
in  plntonic  action.  We  know  that  rolcanos  in  eruption  not  only  emit 
fluid  lava,  biit  give  off  steam  and  other  heated  gases,  which  rush  ont 
in  enormous  volume,  for  days,  weeks,  or  years  continuously,  and  are 
even  disengaged  from  lava  during  its  consolidation.  When  the  mate- 
rials of  granite,  therefore,  came  in  contact  vrith  the  fossiliferous  stra- 
tum in  the  bowels  of  the  earth  under  great  pressure,  the  contained 
gases  might  be  unable  to  escape;  yet  when  brought  into  contact  with 
rocks,  they  might  pass  through  their  pores  with  greater  facility  than 
water  is  known  to  do  (p.  SJ.).  These  aeriform  fluids,  sucb  as  sulphu- 
retted hydrogen,  muriatic  acid,  and  carbonic  acid,  issue  in  many 
places  from  rents  in  rocks,  which  they  have  discoloured  and  corroded, 
softening  some  and  hardening  others.  If  the  rocks  are  charged  with 
water,  they  would  pass  through  more  readily  ;  for,  according  to  the 
experiments  of  Heniy,  water,  under  an  hydrostatic  pressure  of 
96  feet,  will  absorb  three  times  as  much  carbonic  acid  gas  as  it  can 
under  the  ordinaiy  pressure  of  the  atmosphere.  Although  this  in- 
creased power  of  absorption  would  he  diminished  in  consequence  of 
the  higher  temperature  found  to  exist  as  we  descend  in  the  earth,  yet 
Professor  Bischoff  has  shown  that  the  heat  by  no  means  augments  in 
SDch  a  proportion  as  to  counteract  the  effect  of  augmented  pressure,  f 
There  are  other  gases,  as  well  as  the  carbonic  acid,  which  water 
absorbs,  and  more  rapidly  in  proportion  to  the  amount  of  pressure. 
Now  even  the  most  compact  rocks  may  be  regarded,  before  they  have 
been  exposed  to  the  air  and  dried,  in  the  light  of  sponges  filled  with 
water ;  and  it  is  conceivable  that  heated  gases  brought  into  contact 
with  them,  at  great  depths,  may  be  absorbed  readily,  and  transfltsed 
through  their  pores.  Although  the  gaseous  matter  first  absorbed 
would  soon  be  condensed,  and  part  with  ite  heat,  yet  the  continual 
arrival  of  &esh  supplies  from  below  might,  in  the  course  of  ages, 
cause  the  temperature  of  the  water,  and  with  it  that  of  the  cont^n- 
ing  rock,  to  be  materially  nused. 

M.  Foumet,  in  his  description  of  the  metalliferous  gneiss  near 
Clermont,  in  Anvergn^  states  that  all  the  minute  fissnreg  of  the  rock 
are  quite  saturated  with  free  carbonic  acid  gas ;  which  gas  rises 
plen^uUy  &om  the  soil  there  and  in  many  parts  of  the  surrounding 
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omintej.  The  various  elements  of  the  gneiea,  with  Hie  exceplion  of 
the  qnart^  are  all  softened ;  and  new  combinations  of  the  acid  with 
lime,  iron,  and  manganese  are  continnallf  in  progress.'* 

Another  illustration  of  the  power  of  subterranean  gases  is  afforded 
hy  the  stufas  of  St  Calc^ro,  situated  in  the  largest  of  the  Ijpari 
Islands.  Herc^  according  to  the  descripti<m  published  byHofiioiinn, 
horizontal  strata  of  tu^  extending  for  4  miles  along  the  coast,  tad 
forming  clifis  more  than  200  feet  high,  hare  been  discoloured  in 
various  places,  and  strangely  altered  hy  the  "all-penetrating  va- 
pours." Dark  clays  have  become  yellow,  or  often  snow-white ;  or 
have  assumed  a  chequered  or  brecciated  appearance,  being  croased 
with  ferruginons  red  stripes.  In  some  places  the  fumeroles  have 
been  fonnd  by  analysiB  to  consist  partly  of  sublimations  of  oxide  at 
iron ;  but  it  alao  appears  that  veins  of  chalcedony  and  opal,  and 
others  of  fibrous  gypsum,  have  resulted  &am  these  volcanic  exhal»- 
tions.l 

Hie  reader  may  also  refier  to  M.  Virlet's  accooDt  of  the  ccrroaian 
of  hard,  flinty,  and  jaspideous  rocks  near  Cwintli  by  the  proloi^ed 
agency  of  subterranean  gases  f  ;  and  to  Dr.  Danbeny's  deecription  of 
the  decomposition  of  trachytic  rocks  in  the  SolEatan,  near  N^tles, 
by  sulphuretted  hydn^n  and  muriatic  acid  gssea.§ 

Although  in  all  these  instances  we  can  only  study  the  pheaomena 
as  exhibited  at  the  surface,  it  ia  clear  that  tiio  gaseous  fluids  must 
have  made  their  way  dirough  the  whole  thickness  of  porous  or 
flssured  rocks,  which  intervene  between  the  subterranean  reeerv<Hra 
of  gas  and  the  external  air.  The  extend  therefore,  of  the  earth's 
crust  which  the  vapours  have  penneated  and  are  now  permeating 
may  be  thousands  of  fathoms  in  thickness,  and  thmr  heatang  and 
modifying  influence  may  be  spread  throughout  the  whole  of  this 
solid  mass. 

We  learn  tHaa  Frofeesor  Bischoff  that  the  steam  of  a  hot  spring 
at  Aix-la-Chiqtelle,  although  its  tempeiatura  is  only  from  133"  to 
167°  F.,  has  converted  the  surface  of  some  bhtcks  ^  black  marble 
into  a  doughy  mass.  He  conceives,  therefore,  that  steam  in  the 
bowels  of  the  earth  having  a  temperaturo  equal  or  even  greater  than 
the  melting  point  of  lava,  and  having  an  elaatici^  of  which  even 
Papin's  digester  can  give  but  a  funt  idea,  may  convert  rocks  into 
Uquid  matter.jl 

The  above  observations  are  calculated  to  meet  some  of  the  ob- 
jections which  have  been  urged  against  the  metamorphic  theory  on 
the  ground  of  the  small  power  of  rocks  to  conduct  heat ;  for  it  ia 
well  known  that  rocks,  when  dry  and  in  the  air,  differ  remarkaUy 
from  metals  in  this  respect.     It  has  been  asked  how  the  chai^eB 

*  BoePrliMiplMb/*d>',  "Csrboiutsd  de  la  8oc  GioL  de  Frwcs,  vm.  fi. 
Sprinin,''  &e.  p.  S30. 

t  HoBbiBnn'a  LipariKhen  Inseln,  §  Seenii]c.of  GeoL;  andBaobci^'i 
p.  38.     Leipilg,  1S33.  TcdcaiKW.  p.  167. 

}  Seefi1iK).<tf  QeuLi  and  Bulletin  |  Jam.E<L  NetrHiiL  Jaiim,I(o.Sl. 
p.  43. 
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whicb  extend  merely  for  a  few  feet  from  the  contact  of  a  dike  could 
have  penetrated  throngli  mountain  masses  of  ciystaUine  strata 
aeTeral  miles  in  thickness.  Now  it  has  been  stated  that  the  plu- 
tonic  influence  oT  the  ejenite  of  Norwaj  has  sometimes  idtered 
fossUiferoos  strata  for  a  distance  of  a  quarter  of  a  mUe,  both  in  the 
direction  of  their  dip  and  of  ibeir  strike.  (See  fig.  705.  p.  599.) 
This  is  nndtrabtedly  an  extreme  case ;  but  is  it  not  far  more  philo- 
sophical to  suppose  that  this  influence  may,  under  favourable  cir- 
cnmstancce,  ai^ct  denser  masses,  than  to  invent  an  entirely  new 
cause  to  account  for  eflects  merely  differing  in  quantity,  and  not  in 
kind  ?  The  metamorphic  theory  does  not  require  us  to  affirm  that 
some  contiguous  mass  of  granite  has  been  the  altering  power;  but 
merely  that  an  action,  existing  in  the  interior  of  the  earth  at  an 
unknown  depth,  whether  thermal,  hydro-tbennal,  electrical,  or 
otiier,  analogous  to  that  exerted  near  intruding  masses  of  granite 
has,  in  the  coarse  of  vut  and  indefinite  periods,  and  when  rising 
perhaps  from  a  large  heated  surface,  reduced  strata  thousands  of 
yards  thick  to  s  state  of  semifusiou,  so  that  on  cooling  they  have 
become  crystalline,  like  gneiss.  Granite  may  have  been  another 
result  of  the  same  action  in  a  higher  state  of  intensi^,  by  which  a 
thorough  fusion  has  been  produced ;  and  in  this  manner  the  passage 
from  granite  into  gneiss  may  be  explained. 

Id  considering,  then,  the  various  data  already  enumerated,  the- 
forms  of  stratification  and  lamination  in  metamorphic  rocks,  their 
passage  on  the  one  hand  into  the  fossiliferons,  and  on  the  other  into- 
the  plntonic  formations,  and  the  conversions  which  can  be  ascer- 
tained to  have  occurred  in  the  vicinity  of  granite,  we  may  conclude 
that  gneiss  and  mica-echist  may  be  nothing  more  than  altered 
micaceons  and  argiUaceous  sandstones,  that  granular  quarts  may. 
have  been  derived  from  siliceous  sandstone,  and  compact  quartz 
from  the  same  materials.  Clay-slate  may  be  altered  shale,  and 
granular  marble  may  have  originated  in  the  fonn  of  ordinary  lime- 
atone,  replete  with  shells  and  corals,  which  have  since  been  obli- 
terated ;  and,  lastly,  calcareous  sands  and  maris  may  bavo  been 
changed  into  impure  crystalline  limestones. 

"  Homblende-schist,"  says  Dr.  HacCultoeh,  "  may  at  first  have 
been  mere  clay;  for  clay  or  shale  ia  found  altered  by  trap  into 
Lydian  stone,  a  substance  difiering  from  hornblende-schist  almost 
solely  in  compactness  and  uniformity  of  texture."'  "In  Shetland," 
remarks  the  same  author,  "  argillaceous-schist  (or  day-slate),  when 
in  contact  with  granite,  is  sometimea  converted  into  hornblende- 
schist,  the  achiat  becoming  first  siliceous,  and  nltimately,  at  the 
contact,  boniblQnde-8chi8t."f 

The  anthracite  and  plumbago  associated  with  bypogene  rocka 
may  have  been  coal ;  for  not  only  ia  coal  converted  into  antfaraoita 
in  the  vicinity  of  some  trap  dikes,  but  we  have  seen  that  a  like 
change  has  taken  place  generally  even   far  from  the  contact  of 
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igaeona  roclcB,  in  the  diatnrbed  region  of  Uie  AppaUchiaos.*  At 
Worcester,  in  the  state  of  MassachusettB,  45  miles  dne  west  cf 
Boston,  a  bed  of  plumbago  and  impure  anthracite  occurs,  inter- 
Btratified  with  mica-BchiBt.  It  ia  about  2  feet  in  thickness,  and  has 
been  made  use  of  both  as  fuel,  and  in  the  m&nufactare  of  lead 
pencils.  At  the  distance  of  30  miles  from  the  plumbago,  them 
occurs,  on  the  borders  of  Rhode  Island,  an  impure  anthracite  in 
slates  containing  impressions  of  coal-plants  of  the  genera  JVcopCrru^ 
NeuTopteris,  Calantiia,  &&  This  anthracite  is  intermediate  in 
character  between  that  of  Pennsylvania  and  the  plumbago  of 
Worcester,  in  which  last  the  gaseous  or  volatile  matter  (hydrogen, 
oxjgen,  and  nitrogen)  is  to  the  carbon  only  in  the  proportion  of 
3  per  cent.  After  traversing  the  country  in  various  directionc^  I 
came  to  the  conclusion  that  the  carboniferous  shales  or  elates  with 
anthracite  and  plan^  which  in  Rhode  Island  often  pass  into  mica- 
Bchist^  have  at  Worcester  assumed  a  perfectly  crystalline  and  meta- 
morphic  texture ;  the  anthracite  having  been  nearly  tranamoted  into 
that  state  of  pure  carbon  which  b  called  plumbago  or  graphite.^ 

It  has  been  remarked  by  H.  Dolesse  that  the  minerals  developed 
in  hypogene  limestone  vary  according  to  the  d^ree  of  metamw^ 
phism  which  the  rock  has  ondei^ne.  Thns,  for  example,  where 
the  stnictnre  is  but  slightly  crystalline,  talc,  chlorite,  serpentioe, 
andalusite,  and  kyanite  are  commonly  present ;  where  it  is  more 
highly  crystallized,  garnet^  hombleiide,  Wollastonite,  dipyre^  Con- 
Eeranit«,  and  some  others  appear ;  and,  lastly,  where  the  crystalliaa- 
tion  is  complete,  there  are  found,  in  addition  to  many  of  the  above 
minerals,  felspar,,  especially  those  kinds  which  are  richest  in  alkal^ 
together  with  mica.  The  same  author  observes  that,  as  calcareous 
deposits  usually  contain  some  aluminous  clay,  so  we  may  naturally 
expect  to  meet  with  silicates  of  alumina  in  crystalline  limestone ; 
snch  silicates,  accordingly,  are  frequent,  and  occasionally  even  pore 
alumina  crystalliied  in  the  form  of  corundum.} 

Mr.  Dana  has  suggested  that  the  phosphoric  acid  of  phoephate  of 
lime,  and  the  fluor  of  fluor-spar,  bo  often  met  with  in  crystalline 
limestones,  may  have  been  derived  from  the  remains  of  mollusca 
and  other  animals;  also  that  graphite  (which  is  pore  carbon  in  a 
crystalline  form,  Vith  or  without  admixture  of  alumina,  lim^  or 
iron)  may  have  been  derived  from  vegetable  remains  imbedded  in 
the  orignal  matrix. 

The  total  absence  of  any  trace  of  fossils  has  inclined  many  gea- 
legists  to  attribute  the  origin  of  the  crystalline  strata  to  a  period 
antecedent  to  the  existence  of  organic  beings.  Admitting,  they  say, 
the  obliteration,  in  some  cases,  of  fiissils  by  plutonic  action,  we  might 
still  expect  that  traces  of  them  would  oftener  occur  in  certain  ancient 
systems  of  slate,  in  which,  as  in  Cumberland,  some  conglomerates 

*  8m  Kbore,  pp.  391,  868.  )  Ddena,  Bulletin  Soc  OfoL  Vaamt 
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occDT.  Sut  in  arging  this  argnment,  it  seems  to  have  been  forgotten 
tbat  there  are  Btratified  formatjons  of  enormous  thickness,  and  of 
TarioQS  ages,  and  some  of  them  ver^  modern,  all  formed  after  the 
earth  had  become  the  abode  of  living  creatures,  which  are,  never- 
theless, in  certain  districts,  entirelj'  destitute  of  all  vestiges  of  or- 
ganic bodies.  In  some,  the  traces  of  fossils  may  have  been  effaced 
bj  water  and  acids,  at  many  successive  periods  -,  and  it  is  clear,  that^ 
the  older  the  stratiim,  the  greater  is  the  chance  of  its  being  nonfossi- 
liferona,  even  if  it  has  escaped  all  metamorphic  actiou. 

It  has  been  also  objected  to  t^e  metatnorphic  theory,  that  the 
chemical  compoution  of  the  secondary  strata  differs  essentiaUy  from 
that  of  ihe  crystalline  schists,  into  which  they  are  supposed  to  be 
convertible.*  The  "primary"  schists,  it  is  sud,  usually  contain  a 
considerable  proportion  of  potash  or  of  soda,  which  the  secondary 
days,  shales,  and  slates  do  not,  these  last  being  the  result  of  the 
decomposition  of  felspattiic  rocks,  from  which  the  alkaline  matter  has 
been  abstracted  during  the  process  of  decompoeltiou.  But  this  rea- 
soning proceeds  on  insufficient  and  apparently  mistaken  data;  for 
a  lai^  portion  of  what  is  usually  called  clay,  marl,  shale^  and  slate 
does  actually  contain  a  certain,  and  often  a  considerable,  proportion 
of  alkali ;  so  that  it  is  difficult,  in  many  countries,  to  obtain  clay  or 
shale  sufficiently  free  from  alkaline  ingredients  to  allow  of  their  being 
burnt  into  bricks  or  used  for  pottery. 

Thns  tiie  argiUaceoua  shales  and  slates  of  the  Old  Ked  suidstone, 
in  Forfarehire  and  other  parts  of  Scotland,  are  so  much  charged  with 
alkali,  derived  &om  triturated  felspar,  that,  instead  of  hardening  when 
expwed  to  fire,  they  sometimes  melt  into  a  glass.  They  contain  no 
lime,  but  appear  to  consist  of  extremely  minute  grains  of  the  various 
ingredients  of  granite,  which  are  distinctly  visible  in  the  coarser- 
grained  varieties,  and  in  almost  all  the  interposed  sandstones.  These 
laminated  clays  and  shales  might  certainly,  if  crystallized,  resemble 
la  composition  many  of  the  primary  strata. 

There  is  also  potash  in  fossil  vegetable  remains,  and  soda  in  the 
salts  by  which  strata  are  sometimes  so  largely  impregnated,  A  in 
Patagonia.  But  recent  analysis  may  be  said  to  have  settled  the 
point  at  issue,  by  demonstrating  that  the  carboniferous  strata  in 
England  |,  the  Upper  and  Lower  Silurian  in  East  Canada  },  and  the 
clay-slates  (of  Cambrian  date  ?)  in  Norway  ^,  all  contain  as  much 
alkali  as  is  generaUy  present  in  metamorphic  rocks. 

Another  objection  has  been  derived  from  the  alternation  of  highly 
crystalline  strata  with  others  having  a  less  ciystalline  texture.  Tha 
heat,  it  is  said,  in  its  ascent  from  below,  must  have  traversed  the 
less  altered  schists  before  it  reached  a  higher  and  more  crystalline 
bed.  In  answer  to  this,  it  may  be  observed,  that  if  a  number  of 
strata  differing  greatly  in  composition  from  each  other  be  subjected 
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to  eqtuJ  qnantitiM  of  hetA,  there  is  ererj  probability  thst  some  wiE 
be  more  fiuible  than  others.  Some,  for  example,  will  coo^n  uda, 
potash,  lime^  or  some  other  ingredient  capKble  of  «c^ng  as  a  flnz ; 
while  others  may  be  destitute  of  the  same  elements,  and  eo  le&actorjr 
as  to  be  vetj  slightly  uffected  by  a  degree  of  heat  capable  of  redadng 
others  to  semi-fusion.  Nor  should  it  be  forgotten  that,  as  a  genenl 
rale,  the  less  ciystalline  rocks  do  really  occur  in  the  upper,  and  tbe 
more  crystaUine  in  tiie  lower  part  of  each  metomorphic  series. 

Moreover,  metamorphiam  must  often  begin  to  exert  its  Sane 
long  after  the  stratA  Lstb  assumed  R  vertical  poeition,  and  it  mtj 
then  act  locally  or  within  limited  areas,  and  vnll  be  as  likely  to 
affect  the  newer  as  the  older  beds.  As  an  illustration  of  sncli 
partial  conversion  into  gneiss  of  portions  of  a  highly  inclined  let 
of  beds,  I  may  cite  Sir  R  Murchison's  memoir  on  the  stmcture 
of  the  Alps.  Slates  provincially  termed  "  flysch  "  (see  above  p.  231.), 
overlying  the  nummulite  limestcoe  of  Eocene  date,  and  compiinng 
some  arenaceous  and  some  calcareous  layers,  are  seen  to  alleniste 
several  times  with  bands  of  granitoid  rock,  answering  in  cbtracter 
to  gneiss.*  In  this  case  heat,  or  vapour,  or  water  at  an  intensely 
high  temperature  may  have  traversed  the  more  permeable  beds,  snd 
altered  them  so  far  as  te  admit  of  an  internal  movement  and  re-ar- 
rangement of  the  molecules,  while  the  adjoining  strata  did  not  give 
passage  te  the  same  heat,  or  if  so,  remained  uochanged  because  tfa^ 
were  composed  of  less  fusible  materials.  Whatever  hypothens  we 
adopt,  the  phenomena  establish  beyond  a  doubt  the  possibiUty  irf 
the  development  of  the  metamorphic  structure  in  a  tertiary  deposit 
in  planes  parallel  to  those  of  stratification. 

Whether  such  parallelism  be  the  rule  or  the  exception  in  gndss. 
mica-schist,  and  other  formations  of  the  same  flunily,  b  a  qnestiu 
which  I  shall  discuss  at  length  in  the  next  chapter. 
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CHAPTEKXXXVL 

Or^n  of  tbc  neumofplitc  rocki,  eaitiiHied — Definilion  of  jointi,  lUty  deavige 
■od  fcdulion — SnppoKd  cuuea  of  theao  ttmcEnrea-^Meebaiucal  tkeoi?  of  clenr- 
age — CondeoMtion  and  elongMion  of  ilate  rocks  bj  lateral  pnuuie — Snppoaed 
eombinatitm  of  ajnalliiie  and  mechanical  fbreei — Idmination  of  aome  Tolcaole 
rocki  dae  to  mouoD  —  Wliether  tlie  foliaiion  of  the  crystalline  achisti  be 
UEoallf  parallel  with  the  original  plane*  of  atratiflcation — Example!  in  Norway 
lad  Scotland — Foliation  in  homogeneoui  rocks  may  coincide  with  planes  of 
deavage,  and  in  nnckaved  rocks  with  those  of  stratification  —  Cauaes  of  irregn- 
larity  in  tbe  plane*  of  foliatioiL 

We  have  nlreadj  seen  that  ct^Btalline  forces  of  great  mtensitj  have 
frequently  acted  upon  sedimentaiy  and  fosBiUferons  strata  long 
gnlMeqaently  to  their  coasolidation,  and  we  may  next  inquire 
vhetber  the  component  nunerals  of  the  altered  rocks  usually  arrange 
themselTes  in  planes  parallel  to  the  original  planes  of  stratification, 
or  whether,  after  crystallization,  they  more  commonly  take  up  a 
different  poeition. 

In  order  to  estimate  Gurly  the  merits  of  this  question,  we  must 
first  define  what  it  meant  by  the  terms  cleavage  and  foliation. 
There  are  four  distinct  forma  of  structure  exhibited  in  rocks, 
namely,  stratiflcation,  joints,  slaty  cleavage,  and  foliation ;  and  all 
these  must  have  different  names,  even  though  there  be  cases  where 
it  is  impossible,  after  carefully  studying  the  appearances,  to  decide 
upon  the  class  to  which  they  belong. 

ProfcMor  Sedgwick,  whose  essay  "On  the  Structare  of  large 
Mineral  Masses"  first  cleared  the  way  towards  a  better  ander- 
standing  of  this  difficult  subject,  observes,  that  joints  are  distin- 
goishable  from  lines  of  slaty  cleavage  in  this,  that  the  rock  inter- 
vening between  two  joints  has  no  tendency  to  cleave  in  a  direction 
parallel  to  the  planes  of  the  joints,  whereas  a  rock  is  capable  of 
indefinite  snbdiviuon  in  the  direction  of  its  slaty  cleavage.  In  some 
cases  where  the  strata  aro  curved,  the  planes  of  cleavage  are  still 
perfectiy  parallel.  This  has  been  observed  in  the  slate  rocks  of 
part  of  Wales  (see  fig.  706.X  which  consist  of  a  hard  greenish  slate. 


The  true  bedding  is  there  indicated  by  a  number  of  parallel  stripes, 
some  of  a  lighter  and  some  of  a  darker  colour  than  the  general  ma«s. 
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Sncb  stripes  are  found  to  be  parallel  to  the  tme  planes  of  Btran- 
fication,  wherever  these  are  manifested  hj  ripple-mark,  or  b;  beda 
containing  peculiar  organic  remains.  Some  of  the  contorted  strata 
are  of  a  coarse  mechanical  strncturo,  alternating  with  flne-graincd 
cr/Btalline  chloritic  slates,  in  which  case  the  same  slaty  cleavage 
extends  through  the  coarser  and  finer  bods,  though  it  is  brought  out 
in  greater  perfection  in  proportion  as  the  materials  of  the  rock  are 
fine  and  homogeneous.  It  is  onlj  when  these  are  rery  coarse  that 
the  cleavage  planes  entirely  vanish.  These  planes  are  usually  in- 
clined at  a  very  considerable  angle  to  the  planes  of  the  strata.  In 
the  Welsh  hills,  for  example,  the  average  angle  is  as  much  aa  from 
30°  to  40°.  Sometimes  the  cleavage  planes  dip  towards  the  same 
point  of  the  compass  as  those  of  stratification,  but  more  frequently 
to  opposite  points.  It  may  be  stated  as  a  general  rule,  that  whea 
beds  of  coarser  materials  alternate  with  those  composed  of  finer 
particles,  the  slaty  cleavage  is  either  entirely  confined  to  the  fine- 
grained rock,  -or  is  very  imperfectly  exhibited  in  that  of  coaner 
texture.  This  rule  hold^  whether  the  cleavage  is  parallel  to  the 
planes  of  stratification  or  not* 

In  regard  to  joints,  they  are  natural  fissures  which  often  traverse 
rocks  in  straight  and  welt-determined  lines.  Thej  aflTord  to  the 
quarryman,  as  Sir  B.  Murchison  observes,  when  spe^ng  of  the  phe- 
nomena, as  exhibited  in  Shropshire  and  the  neighbouring  oonnties, 
the  greatest  aid  in  the  extraction  of  blocks  of  stone;  and,  if  a  suffi- 
cient number  cross  each  other,  the  whole  mass  of  rock  is  split  into 
symmetrical  blocks.  The  faces  of  the  joints  are  for  the  most  part 
smoother  and  more  r^ular  than  the  surfaces  of  true  strata.  The 
joints  are  straight-cut  chinks,  often  slightly  open,  often  pasmng,  not 
only  through  layers  of  successive  deposition,  but  alao  through  balls 
of  limestone  or  other  matter  which  have  been  formed  by  concivtian- 
ary  action,  since  the  original  accumulation  of  the  strata.  Snch 
joints,  therefore,  must  often  have  resulted  from  one  of  the  last  changes 
superinduced  upon  sedimentary  deposits.  | 

In  the  annexed  diagram  (fig.  707.),  the  flat  surfaces  of  rock 
A,  B,  0,  represent  exposed  faces  of  joints,  to  which  the  walls  of  other 
joints,  J  J,  are  parallel  a  s  are  the  lines  of  stratification ;  d  d  are 
lines  of  slaty  cleavage,  which  intersect  the  rock  at  a  couMderable 
angle  to  the  planes  of  stratification. 

In  the  Swiss  and  Savoy  Alps,  as  Mr.  Bakewell  has  remarked, 
enormous  masses  of  limestone  are  cut  through  so  regularly  by 
nearly  vertical  partings,  and  these  joints  are  ofi^  so  much  more 
conspicuous  than  the  seams  of  stratification,  that  an  inexperienced 
observer  will  almost  inevitably  confound  them,  and  suppose  the 
strata  to  be  perpendicular  in  places  where  in  fact  they  are  almost 
horizontal,  t 

Now  Boch  joints  are  supposed  to  be  analogous  to  the  partings 
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whicli  separftte  volcanic  and  platcnic  racks  into  caboidal  and  pris- 
matic nuMes.  On  a  small  acale  we  see  claj  and  starch  vhen  dry 
split  into  similar  shapes;  this  is  oftea  caused  bj  umple  contrac- 
tion, whether  the  shrinking  be  due  to  the  evaporation  of  water, 
or  to  a  change  of  temperature.  It  is  well  known  that  manj  sand- 
stones and  other  rocks  expand  by  the  application  of  moderato 
degrees  of  heat,  and  then  contract  again  on  cooling  ;  and  there  can 
be  no  doubt  that  large  portions  of  the  earth's  crust  hare,  in  the 
course  of  psst  ages,  been  subjected  again  and  again  to  very  different 
degrees  of  heat  and  cold.  These  alternations  of  temperature  have 
probably  contributed  l&i^ely  to  the  production  of  joints  in  rocks. 

In  some  countries,  as  in  Saxony,  where  masses  of  basalt  rest  on 
sandstone,  the  aqueous  rock  has  for  the  distance  of  several  feet  irom 
the  point  of  junction  assumed  a  columnar  structure  similar  to  that 
of  the  trap.  In  Uke  manner  some  hearthstones,  after  exposure  to  the 
heat  of  a  furnace  without  being  melted,  have  become  prismatic. 
Certain  crystals  also  acquire  by  the  application  of  heat  a  new  in- 
temal  arrangement,  so  as  to  break  in  a  new  direction,  their  external 
form  remaining  unaltered. 

Professor  Sedgwick,  speaking  of  the  planes  of  slaty  cleavage, 
where  they  are  decidedly  distinct  from  those  of  sedimentary  de- 
position, declared  in  the  essay  before  alluded  to,  his  opinion  that  no 
retreat  of  parts,  no  contraction  in  the  dimensions  of  rocks  in  passing 
to  a  solid  state,  can  account  for  the  phenomenon.  He  accordingly 
referred  it  to  crystalline  or  polar  forces  acting  simultaneously,  and 
somewhat  uniformly,  in  given  direction^  on  Ivge  masses  having  a 
homogeneous  composition. 

Sir  John  Herschel,  in  aUnsion  to  slaty  cleavage,  has  suggested, 
"  that  if  rocks  have  been  so  heated  as  to  allow  a  commencement  of 
crystallization, — that  is  to  say,  if  they  have  been  heated  to  a  point  at 
which  the  particles  can  begin  to  move  amongst  themselves,  or  at 
least  on  their  own  axes^  some  general  law  must  then  determine  the 
position  in  which  these  particles  will  rest  on  cooling.  Probably,  that 
position  will  have  some  relation  to  the  direction  in  which  the  beat 
escapes.     How,  when  all,  or  a  majority  of  particles  of  the  some 
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Dstare  hare  *  general  taodency  to  one  position,  Uiat  muat  of  eonrae 
determine  a  cleavBge-plsne.  Thus  we  see  the  infinitesimal  ciystals 
of  fresh  precipitated  Hnlptiate  of  buytes,  and  some  other  such  bodies, 
arrange  themselTOi  alike  in  the  fluid  in  which  thej  float ;  so  as, 
when  stirred,  all  to  glance  with  one  light,  and  ^ts  ^e  ^pearance 
of  silky  filaments.  Some  sorts  of  soap,  in  which  inw^nble  mar- 
garates*  exist,  exhibit  the  same  phenomenon  when  mixed  with 
water ;  aitd  what  occurs  in  our  experimenta  on  a  minnte  scale  maj 
occur  in  nature  on  a  great  one."^ 

Professor  PbiUipt  haa  remarked  that  in  some  slaty  rocks  the  fixm 
of  the  ontlioe  of  fossil  ghells  and  trilobites  has  been  mDch  changed 
by  distortion,  which  has  taken  place  in  a  longitudinal,  transrerae,  or 
oblique  direction.  This  change,  he  adds,  seems  to  be  the  reeolt  of 
ft  "creeping  movement"  of  the  particles  of  the  rock  along  the  planea 
of  cleavage,  its  direction  being  always  nmform  over  the  sane  tnct 
of  country,  and  its  amount  in  apaee  being  sinnetimes  mewurable,  and 
being  as  much  as  a  qusrter  or  even  half  an  inch.  Tlie  hard  shells 
are  not  afibcted,  but  only  those  which  are  thin.{  Hr.  D.  Siarpe, 
ibUowing  up  the  same  line  of  inquiry,  came  to  the  concloakm,  that 
tite  present  distorted  forms  of  the  shells  in  certain  British  slate 
rocks  may  be  accounted  for  by  supposing  that  the  rocks  in  which 
they  are  imbedded  have  undergone  compression  in  a  directum  pn- 
pendicnlar  to  the  planei  of  cleavage,  and  a  corresponding  expansion 
in  Xbe  direction  of  the  dip  of  the  cleavi^e.§ 

More  recently  (July,  1S53)  Mr.  Sorby  has  demonstrated  the  great 
extent  to  which  this  mechanical  theory  is  ^plicable  to  the  slate 
rocks  of  North  Wales  and  Devoashire  J,  districts  where  the  amoont 
of  change  in  dimensions  can  be  tested  and  roeasured  by  camparug 
the  di^rent  efiects  exerted  by  latend  pressure  on  alteraatd]^ 
beds  of  finer  and  coarser  materials.  Thus,  for  example,  in  the 
accompanying  figure  (fig.  70B.)  it  will  be  seen  that  the  sandy  bed  d/, 
which  has  offered  greater  resistance,  has  been  sharply  ocxitorte^ 
while  the  fine-grained  strata,  a,  b,  e,  have  remained  eompantivelj 
unbent  The  points  d  and  /  in  the  stratum  d  f  must  have  been 
originally  four  times  as  far  apart  as  they  are  now.  They  have  be^ 
forced  so  much  nearer  to  each  other,  partly  by  bending,  and  partly 
by  becoming  elongated  in  the  direction  of  what  may  be  called  the 
longer  axes  of  their  contortions,  and  lastly,  to  a  certain  small  amount, 
by  condensation.  The  chief  result  has  obviouBly  been  due  to  the 
bending ;  but,  in  proof  of  elongation,  it  will  be  observed  that  the 
thickness  of  the  bed  (f/is  now  about  four  times  greater  in  those  parts 
lying  in  the  main  direction  of  the  fiexures  than  in  a  plane  pcipen- 

*  Uu^aricacidisuioleseinoassdd,  )  Bepoit,  Brit.  Amac.,  Cotfc,  ISU, 

(bnned  nXHn  diSireDt  inimal  uid  rege-  Sect.  p.  SO. 

table  bxtj  (nbatsncM.    A  marganU  is  %  Quart.  OeoL  Jonm.,  voL  iiL  p.  8*. 

a  cmnpoimd  of  this  acid  wbh  ud*,  po-  1847. 

taih,cTM>iiwoCharb<ue,andiiHinamed  |  On tlieOTi|{iDorS]a7C3cBTaga,by 

from  ita  peu^j  lutre.  H.  C.  Sorbr,  Edinb.  New.  lUl  Jooni. 

t  Letter  lo  the  aacbor,  dated  Cape  of  ISSS,  toL  Iv.  p.  137. 
Oood  Hope,  Feb.  30.  1B36. 
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dicolar  to  them ;  and  the  nine  bed 
exhibits  cleftvige-plaoei  in  the 
directioii  of  the  grestest  move- 

o  ment,   klthough  they  are   much 

fewer  than  in  Iha  slaty  strata 
above  and  below. 

Above  the  sandy  bed  d  /,  the 
stratum  c  ia  somewhat  disturbed, 

'  while  the  next  bed  h  is  mnch  lesa 

BO,  and  a  not  at  all ;  yet  all  these 
beds,  c,  b,  and  a,  must  have  un- 
derg<»ie  an  eqnal  amount  of  prea- 
snre  with  d,  the  points  a  and  g 

*  having  approximated  as  mnch  to- 
wards each  other  as  have  d  and/ 
The  same  phenomena  are  also  re- 
peated in  the  beds  below  d,  and 
might  have  been  shown,  had  the 
section  been  extended  downwards. 
Hence  it  appears  thatthe  finer  beds 

«  have  been  squceied  into  a  fourth 

of  the  space  they  previoualy  oc- 
cupied, partly  by  condensation,  or 
the  closer  packing  of  their  ulti- 

*  matfi  particles  (which  has  given 
rise  to  the  great  specific  gravity 

(DnwDbrtLC.  Sorb;.)  of  suchslates),  and  partly  by  elon- 

TMia]  •Hiioii  of  iiig.  T«k  In  th*  cUBk    eation  in  the  line  of  the  dip  of  the 
Sol*  o»  Inch  to  ou  hot.  cleavage,  of  which  the  general  di- 

■>.  t.  c.(.  nnuniDHi  aum.  lb*  untu.  rectiou  ia  perpendicular  to  that  of 
iSx!,  ^SirC'^Piji^V^S'd"  tl>e  pressure.  "  These  and  nume- 
4.Vn::^.7^^At«^^j  rons  other  eases  in  North  Devon 
•UMwUtiiwiKn'aetclutvi.  are  analogous,"  says  Mr.  Sorby, 

*■  to  what  would  occur  if  a  strip  of 
paper  were  included  in  a  mass  of  some  soft  plastic  material  which 
would  readily  change  its  dimensions.  If  the  whole  were  then  com* 
pressed  in  the  direction  of  the  length  of  the  strip  of  paper,  it  would 
he  bent  and  puckered  up  into  contortions,  whilst  the  plastic  material 
would  readily  change  its  dimensions  without  undergoing  such  con- 
tortions ;  and  the  difference  in  distance  of  the  ends  of  the  paper,  as 
measured  in  a  direct  line  or  along  it^  would  indicate  the  change  in 
the  dimensions  of  the  plaatic  materiaL" 

The  student  will  readily  concave  that,  when  the  shape  of  a  fossil 
or  of  a  crystal  of  some  mineral,  or  of  a  spheroidal  concretion,  has 
been  altered  by  lateral  pressure,  the  new  forms  which  they  assume 
respectively  will  vary  according  to  whether  they  have  yielded  in 
one  or  more  directions.  They  may  have  been  drawn  out  solely  in 
the  directiui  of  the  dip  of  the  cleavage,  or  they  may  have  yitdded 
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in  a  plane  perpendicular  to  that  dip,  or  thej  may  have  nndet^one 
both  these  moTemeuta.  Bj  microscopic  examination  of  minute 
crystals,  and  bj  other  obserrations  too  minute  to  be  detailed  here, 
Mr.  Sorby  comes  to  the  conclusion  that  the  abeolate  condensation  of 
the  slate  rocks  amounts  upon  an  average  to  about  one  half  thdr 
original  volume.  This  must  have  resulted  chiefly  from  the  forcing 
of  the  particles  more  closely  together,  so  as  to  fiU  up  the  spaces 
left  between  tbem,  when  they  only  touched  each  other.  The  rest  of 
the  change  has  been  due  to  elongation  which  has  produced  slaty 
cleavage. 

Most  of  the  scales  of  mica  occurring  in  certiun  slatee  examined  by 
Mr.  Sorby  lie  in  the  plane  of  cleavage ;  whereas  in  a  similar  nxk 
not  exhibiting  cleavagq  they  lie  with  their  longer  axes  in  all  direc- 
tions. May  not  their  position  in  the  slatee  have  been  detennined 
by  the  movement  of  elongation  before  alluded  to?  To  Ulnstrate 
this  theory  some  scales  of  oxide  of  iron  were  mixed  with  soft 
pipe-clay  in  such  a  manner  that  they  inclined  in  all  directions. 
The  dimensions  of  the  mass  were  then  changed  artificially  to  a 
similar  extent  to  what  has  occurred  in  slate-rocks,  and  the  pipe-dsj 
was  then  dried  and  baked.  When  it  was  afterwards  rubbed  to  a 
fiat  surface  perpendicular  to  the  pressure  and  in  the  line  of  eho- 
gation,  or  in  a  plane  corresponding  to  that  of  the  dip  of  cleavage 
the  particles  were  found  to  have  become  arranged  in  the  same 
manner  as  in  natural  states,  and  the  mass  admitted  of  easy  fractore 
into  thin  fiat  pieces  in  the  plane  alluded  to,  wbeieaa  it  would  not 
yield  in  that  perpendicular  to  the  cleavage.* 

This  experiment  may  lend  countenance  to  the  opinion  that  the 
lamination  of  basalt  and  trachyte,  and  even  of  sonie  kinds  of  gatax, 
and  the  grain  of  certain  granites,  may  all  have  been  determined  by  a 
mechanical  cause,  a  movement  having  taken  place  after  the  de- 
velopment of  crystals  in  the  pasty-mass. 

yix.  Scrope,  in  his  description  of  the  Fonza  Islands,  ascribed  "  the 
zoned  structure  of  the  Hungarian  perlite  (a  semi-vitreous  trachyte) 
to  its  having  subsided,  in  obedience  to  the  impulse  of  its  own 
gravity,  down  a  slightly  inclined  plan^  while  possessed  of  an  im- 
perfect fluidity.  In  the  islands  of  Ponza  and  Falmarola,  the  direc- 
tion of  the  zones  is  more  frequently  vertical  than  horizontal,  becaoEe 
the  mass  was  impelled  &om  below  upwards."!  ^  ^^  manner, 
Hr.  Darwin  attributes  the  lamination  and  fissile  structure  of  volcaoie 
rocks  of  the  trachytic  series,  including  some  obsidians  in  Asoennoa, 
Mexico,  and  elsewhere,  to  their  having  moved  when  liquid  in  the 
direction  of  the  laminie.  The  zones  consist  stxnetimes  of  layers  of 
UT'Cells  drawn  out  and  lengthened  in  the  supposed  direction  of  the 
moving  mass.  He  compares  this  division  into  parallel  zones,  thus 
caused  by  the  stretching  of  a  pasty  mass  as  it  flowed  slowly 
onwards,  to  the  zoned  or  ribboned  structure  of  ic^  which  Professor 

"  Snrl^.Meiled  above,  ikBlO,  note.        f  QvHlnm.M  nt.  raL  tL  p.  1S7. 
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Jomea  Forbes  has  ao  ably  expluned,  showing  that  it  is  due  to  the 
fiasuring  of  a  viacous  body  in  motion.* 

Whatever  be  the  cause,  the  result,  observes  Darwin,  is  well 
worthy  the  attention  of  geol<^Bts;  for  in  a  volcanic  rock  of  the 
tnchydo  series  in  Ascension  layers  are  seen  o^n  of  extreme 
tenuity,  even  as  thin  as  hairs,  and  of  different  cohyirs,  altematiDg 
again  and  again,  some  of  them  composed  of  crystals  of  quarti  and 
diopside  (a  kind  of  augite),  others  of  block  augitic  specks  with 
granules  of  oxide  of  iron,  and  lastly,  others  of  crystalline  felspar. 
It  is  supposed  in  this  case  that  the  crystallizing  force  acted  more 
freely  in  the  direction  of  tiie  planes  of  cleavage,  produced  when  the 
pasty  mass  was  stretched,  whether  because  confined  vapours  were 
enabled  to  spread  themselves  throogh  the  midute  Assures,  or  because 
the  ultimate  molecales  bad  more  freedom  of  motion  along  the  planes 
of  less  tension,  or  for  some  other  reasons  not  yet  understood. 

Ailer  studying,  in  1835,  the  crystalline  rocks  of  South  America, 
Mr.  Darwin  proposed  the  term  foUatum  for  the  lamin»  or  plates 
into  which  gneiss,  mica-schist,  and  other  crysUlline  rocks  are 
divided.  Cleavage^  he  observes,  may  be  applied  to  those  divisional 
planes  which  render  a  rock  fissile,  although  it  may  appear  to  the 
eye  quite  or  nearly  homogeneous.  Foliation  may  be  used  for  those 
alternating  layers  or  plates  of  different  mineralogical  nature  of 
which  gneiss  and  other  metsmorphic  schists  are  composed.  The 
cleavage  planes  of  the  clay-slate  in  Terra  del  Fuego  and  Chili 
preserve  a  uniform  strike  for  hundreds  of  miles  in  regions  where 
these  planes  ore  quite  distinct  from  stratification.  In  the  same 
country  the  planQS  of  foliation  of  the  mica-schiat  and  gneiss  ore 
parallel  to  the  cleavage  of  the  clay-slate.  Hence,  we  are  tempted,  at 
first  sight,  to  infer  that  some  common  cause  or  process,  and  that  cause 
not  connected  with  sedimentary  deposition,  has  impressed  cleavage  on 
the  one  set  of  rocks  and  filiation  on  the  other.  But  such  an  infer- 
flttce  con  cmly  be  legittmatoly  drawn  in  those  rare  cases  where  we 
are  able,  by  a  continuous  section,  to  prove  that  not  only  the  strike,  but 
the  dip  of  the  slaty  cleavage  on  the  one  hand,  and  of  the  foliation  on 
the  other,  precisely  coincide;  the  cleavage  at  the  same  time  not  being 
parallel  to  the  stratification  in  the  slate  rock.  In  some  examples 
cited  by  Mr.  Darwin,  in  Terra  del  Fuego,  the  Chonos  Islands, 
and  La  Plata,  this  uniformity  of  dip  seems  to  have  been  traced  in  a 
manner  as  satisfactory  as  the  nature  of  such  evidence  will  allow. 
But  we  must  be  on  our  guard  against  a  source  of  deception  which 
may  mislead  ns  in  this  chain  of  reasoning.  We  are  informed  that 
in  South  America,  as  in  other  countries,  the  strike  of  the  cleavage 
in  clay-slate  conforms  to  the  axis  of  elevation  of  the  rocks  in  the 
game  districts.  Hence  it  must  follow  that  the  foUa  of  gneiss,  mica- 
schist,  limestone,  and  other  crystalline  rocks,  even  if  they  strictly 
coincide  with  the  planes  of  original  stratification,  will  run  in  tlie 

•  Danrin,  Volcatiic  laUsds,  pp.  69, 7a 
kb3 
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ume  direction  U  the  atrike  of  the  Aaty  c!e«Ttg«;  for  the  trae 
strata  ftlwa^  dip  at  right  angles  to  the  axis  of  eleratiMi,  aod  are 
parallel  to  it  in  their  sliike.  No  argument,  therefon,  can  be  drawn 
in  favour  of  a  common  iH?igia  from  uniformity  of  strike  in  the  sl*tj 
and  foliated  rocks ;  for  we  require,  in  ad^tion,  ooinoideooe  of  dip ; 
and  such  is  th^rariabili^  <d  the  dip  both  of  the  dates  and  folia  w 
to  render  this  kind  of  proof  v&y  difScnlt  to  obtain. 

That  the  foliation  of  the  cTystalline  schists  in  Norway  aeccffdsTery 
generally  with  the  planes  of  original  stratificaticai  is  a  eonclnnon 
long  since  espoosod  by  Keilhau.*  Nomerous  obserrationg  made  by 
Mr.  David  Forbes  in  the  same  country  (the  beat  probably  in  Enrapo 
for  studying  snch  phenomena  on  a  grand  scale)  conflnn  KeiUuM's 
opinion ;  for  the  dip  of  the  Silurian  uid  fossiliferons  strata  where 
they  pass  into  the  metamorphio  agrees  with  the  fdiation  of  the 
contiguous  gneiss,  mioa-schis^  and  crystalline  limeetone.  So  alao 
in  Scotland  Mr.  D.  Forbes  has  pointed  out  a  striking  case  where 
the  foliation  is  identical  with  the  Unee  of  stratification  in  rocks  well 
seen  near  Crianlorii^  an  the  road  to  l^dnuu,  abont  8  miles  Groat 
InTeramon  in  Perthshire.  There  is  in  that  locality  a  blue  lime> 
stone  foliated  by  the  intercalation  of  small  plates  of  white  mica,  ao 
that  the  rock  is  oAen  scarcely  fstinguiriiable  in  aspect  from  gnMM 
or  mica-echisL  The  stratification  is  shown  by  the  Ivge  beds  and 
coloured  bands  of  limestone  all  dipping,  like  the  folia,  at  an  angle  of 
32  degrees  N.  E.f 

In  stratified  formations  of  every  age  we  see  layers  of  mlioeoat 
sand  with  or  without  mici^  alternating  with  clay,  witii  fragmenta 
of  shells  or  corals,  or  with  seams  of  v^etable  matter,  and  we  should 
expect  the  mutual  attraction  of  like  particles  to  &Tonr  the  crystal- 
lization of  the  quartc,  or  mica,  or  felspar,  w  carbonate  of  lim^  along 
the  planes  of  original  deposition,  rather  than  in  planes  placed  at 
angles  of  20  or  40  degrees  to  those  of  stratification. 

In  Fatagmia,  a  series  of  thin  sedimentary  layers  c^  tnff"  wese 
observed  by  Mr.  Darwin  to  have  become  porphyritic,  fir^  where 
least  altered,  by  a  process  of  aggregation,  small  patches  of  day 
appearing  to  be  shortened  into  almond-shaped  concretions,  which  in 
those  places  where  they  were  more  changed  had  become  cryst^  of 
felspar,  having  their  longer  axes  pamllel  to  each  other.  In  other 
associated  strata,  grains  of  qnartc  had  in  like  manner  aggregated 
into  nodules  of  crystalline  qnarts.t 

May  we  not,  then,  presume  that  in  rocks  where  no  cleavage  haa 
intervened,  foliation  and  the  planes  of  stratification  will  usually 
cdncide,  as  in  all  cases  where  cleavage  happens  (as  in  the  writing- 
slates  of  the  Niesen  on  the  Lake  of  Thun  in  Switzeriand,  eontaining 
fncoids)  to  agree  with  the  original  planes  of  sedimentaiy  deposition  ? 
Mr.  Duwin  conceives  that  "  foliation  may  be  the  extreme  result  of 

*  Nonks  Mag.  Nuorridsk.,  vd.  i.  f  Memoir  read  baitara  the  GeoLSoe, 
p.  71.  Londan,  Jan.  SI.  18SS. 

i  South  Anwtiea,  p,  U9. 
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tbe  process  of  which  dearage  is  the  first  effect ;"  or,  at  kdj  rate, 
th&t  die  dystaUiae  force  may  have  been  most  energetic  in  the 
direction  of  cleavage.  As  bearing  on  this  view,  he  eajs,  "  I  was 
particolarly  stmck  in  the  eastern  parts  of  Terra  del  Fuego  with  the 
fact  that  the  fine  laminie  of  clay-alate,  where  they  cut  straight 
throngh  the  bands  of  stratification,  and  therefore  indisputably  true 
cleavage-planes,  differ  slightlj  from  one  another  in  their  greyish 
and  greenish  tints  of  colonr,  as  also  in  tbeir  compactness,  and  in 
some  UniiniB  having  a  more  jaspery  appearance  than  others.  This 
fact  shows  that  the  same  cause  which  has  produced  the  highly 
fissile  stmctore  haa  altered  in  a  slight  degree  the  minerali^cal 
character  of  the  rock  in  the  same  planes."*  As  one  step  &rther 
towards  tracing  a  passage  from  planes  of  cleavage  to  those  of  folia* 
tion.  Professor  Sedgwick  observes  that  in  North  Wales  the  surfaces 
of  slates  are  sometimes  coated  over  with  chlorite,  "  the  crystals  of 
which  have  not  only  defined  the  cleavage  planes  but  struck  through 
the  whole  mass  of  the  rock."  f  So  also,  says  Mr.  Darwin,  in  some 
places  in  South  America  crystab  of  epidote  and  of  mica  coat  the 
planes  of  cleavage. 

Mr.  D.  Sharpe  inferred  from  observations  made  by  him  in  the 
Highlands  of  Scotland,  in  1851,  that  the  foliation  of  the  gneiss  and 
mica'schist  are  upon  the  whole  parallel  to  one  another,  but  have  no 
connection  with  any  original  planes  of  stratification  ;  and  he  also 
conceives  that  the  planes  both  of  cleavage  and  foliation  in  the 
Grampians  and  in  the  region  of  Mont  Blanc  in  Switzerland  (which 
last  he  examined  in  1854)  are  parts  of  great  curves  or  anticlinal 
axes  of  considerable  regularity.^  In  like  manner  in  South  America 
the  cleavage  planes  of  the  clay-slate  had  been  suspected  by 
Mr.  Darwin,  notwithstanding  their  varying  and  opposite  dips,  to 
be  parts  of  large  curves  or  foldings,  having  their  summits  cut  off 
and  worn  down.§ 

Here  seems  to  be  no  difficulty  in  imagining  tiiat  in  rocks  of 
homogeneoiu  composition  the  foliation  may  take  plaoe  along  planes 
previously  caused  by  the  elongation  of  the  materials  along  the  dip 
of  the  cleavage ;  for  experienced  geologists  have  been  at  a  loss  to 
decide  in  many  countries  which  of  two  sets  of  divisional  planes  were 
referable  to  cleavage,  and  which  to  stratification ;  and  afler  much 
doubt,  have  discovered  that  they  had  at  first  mistaken  the  lines  of 
cleavage  for  those  of  deposition,  because  the  former  were  by  far  the 
moet  marked  of  the  two.  Now  if  such  slaty  masses  should  become 
highly  crystalline,  and  be  converted  int«  gneiss,  homblende-achist, 
or  any  other  member  of  the  hypogene  class,  the  cleavage  planes 
would  be  more  likely  to  renuun  visible  than  those  of  stratificatjoc. 
Professor  Henslow  had  noticed,  so  long  ago  as  tbe  year  1821,  that 

■  OmL  ObKrv.  on  South  America,  i  D.  Sharpe,  FhiL  Trwa,  IMS,  ud 

p.  155.  OeoL  Qiurt.  Joom..  no,  41.  law. 

t  Sedgwick,  0«oL    Truu.    Sd  ser.  §  Itanrio,  &  Amenca,  p.  I9S. 
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the  laminfttioii  of  the  chloritic  and  other  ciystalline  adusls  in 
Anglesea  wsa  approximatelj  in  the  planet  of  bedding;  and  Fro- 
feasor  Ramaay,  in  1841,  obserred  the  ssme  in  regard  to  the  gneiss 
and  nuca-schiBt  of  Amu.  The  last-cited  geol<^st  sbj^  in  refiutnce 
to  Angkeea,  that  the  metanjorphism  probably  took  place  when  the 
Lower  Silurian  volcanoa  were  in  activitf^,  and  therefore  long  befon 
the  cleavage  of  tlie  Welsh  rocks ;  for  the  cleavage  of  the  latta 
affects  in  common  the  Lower  Silurian  and  the  Cambrian  strata.  In 
the  same  memoir  he  adds,  when  referring  to  Mr.  Darwin's  theor;  of 
foliation,  "  that  if  the  rocks ,  be  uncleaved  when  metamofphisn 
occurs,  the  foliatioa  planes  will  be  apt  to  coincide  with  those  of 
bedding ;  but  if  intense  cleavage  has  preceded,  then  we  may  expect 
Gist  the  planefl  of  foliation  will  lie  in  the  planes  of  cleavage."* 

From  what  I  have  mjself  seen  in  the  Grampianj^  both  in  F(v&r- 
shire  and  Perthshire,  I  have  always  concluded  that  Maccnlloch  wm 
correct  in  the  opinion  that  gneiss  and  mica-schist  may  be  conadered 
as  stratified  rocks,  and  that  certain  beds  of  pure  quarts  one  or  t^o 
feet  thick,  which  run  for  miles  in  the  strike  of  their  foliation,  as  well 
as  the  intercalation  of  masses  of  limestone,  and  of  chloritic,  acd- 
nolitic,  and  hornblende  sclusta,  all  indicate  the  planes  of  original 
stratification.  At  the  same  time,  I  fully  admit  that  the  altemalv 
layers  of  quartz,  or  of  mica  and  quartz,  of  felspar,  or  of  mica  and 
felspar,  or  of  carbonate  of  lime,  are  more  distinct^  in  certain  meta- 
morphic  rocks,  than  the  ingredieats  composing  alternate  layen  in 
most  sedimentary  deposits,  eo  that  similar  particles  must  be  supposed 
to  have  exerted  a  molecular  attraction  for  each  other,  and  to  hare 
congr^ated  together  in  layers  more  distinct  in  mineral  composititBi 
than  before  they  were  crystalliied. 

We  have  seen  how  much  the  original  planes  of  stntificatioa  may 
be  interfered  with  or  even  obliterated  by  concretionary  actimi  in 
deposits  still  retaining  their  fossils,  aa  in  the  case  of  the  magnesian 
limestone  (see  p.  37.).  Hence  we  must  expect  to  be  &equailly 
baffled  when  we  attempt  t«  decide  whether  die  foliatioa  does  or 
does  not  accord  with  that  arr^gement  which  gravitatitm,  combined 
with  current-action,  imparted  to  a  deposit  from  water.  Moreover, 
when  we  look  for  stratification  in  crystalline  rocks,  we  must  be  on 
oar  guard  not  to  expect  too  much  regularity.  The  occnrrence  of 
wedge-shaped  masses,  such  as  belong  to  coarse  sand  and  pebbles, — 
diagonal  lamination  (see  p.  16.), — ripple-mark, — unconformable  stra- 
tification (p.  61.), — the  fantastic  folds  produced  by  lateral  pressure, 
— faults  of  various  width,— intmsive  dikes  of  trap, — ot^anic  bodies 
of  direrufied  shapes, — and  other  causes  of  unevenness  in  the  planes 
of  deposition,  both  on  the  small  and  on  the  large  scale,  will  interfere 
with  parallelism.  If  complex  and  enigmatical  appearances  did  not 
present  themselves,  it  would  be  a  serious  abjection  to  tlm  meta- 
morphic  theory. 
In  the  accompanying  diagram  I  have  repreaoDted  carefiinj  tlte 

*  Q«oL  QauL  JoDCD.,  1S93,  vol.  Ix.  p^  171. 
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lamiaation  of  a  come  Krgilta- 
"*■  '"*■  ceouB  Bchist  which  I  examined 

in  1830  in  the  Pyreneea.  In 
part  it  approaches  in  character 
to  a  green  and  bine  roofing-slate, 
while  part  is  estremelj  quartzose^ 
the  whole  maxs  pauing  down- 
wards into  micaceous  schist.  The 
Tertical  section  here  exhibited  is 
about  3  feet  in  height^  and  the 
Lummoti  oi  rUj-fUw,  Mnnrsgnt  dt  snuinu,  layers  are  sometimes  so  thin  that 
fifty  may  be  counted  in  the 
thickness  of  an  inch.     Some  of  them  consist  of  pure  quarts. 

There  is  a  resemblance  in  auch  cases  to  the  diagonal  lamination 
which  we  see  in  sedimentary  rocks,  even  though  the  layers  of  quartz 
and  of  mica,  or  of  felspar  uid  other  minerals  may  be  more  distinct  in 
alternating  folia  than  they  were  originally. 

M.  EUe  de  Beaumont,  while  he  regards  the  greater  part  of  the 
gneiss  and  mica-schist  of  the  Alps  as  sedimentary  strata  altered  by 
plutonic  action,  stiU  conceiTes  that  some  of  the  Alpine  gneiss  may 
have  been  erupted,  or,  in  other  words,  may  be  granite  drawn  out 
into  paraUel  lamins  in  the  manner  of  trachyte  aa  above  alluded  to.* 
If  the  mass  were  squeezed  and  elongated  in  a  certain  direction 
after  crystals  of  mica,  talc,  or  other  scaly  minerals  were  developed, 
these  may  perhaps  have  arranged  themselves  in  planes  parallel  to. 
those  of  movement,  and  a  similar  process  may  account  for  what  the 
qnarrymen  call  "  the  grain  "  in  some  granites,  or  a  tendency  to  split 
in  one  direction  more  freely  than  in  another.  But,  as  a  general  rule, 
the  fusion  of  the  crystalline  scIuBtA  does  not  appear  to  have  gone  so 
fiar  as  to  allow  of  motion  analogous  to  that  of  lava  or  granite,  and 
for  this  reason  rocks  of  this  class  do  not  send  veins  into  sorrounding 
rocks.  In  the  next  chapter  we  may  inquire  at  how  many  distinct 
periods  the  hypogene  or  metamorphic  schists  can  be  proved  to  have 
originated,  and  why  for  so  long  a  time  the  earlier  geologists  regarded 
them  aa  entitled  to  the  name  of  "  primitive." 

■  BuU«tin  8oc  GeoL  de  Fiance,  Se  s£r.  toL  ir.  p.  I30l. 
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CHAPTBR  TTTVTT- 

ON  TBS  MFFERBNT  ASB8  OF  THB  UTUfOSPHIC  BOCKS. 

Age  of  each  Kt  of  mctamorphic  strata  twofold — Teitof  agebrfiMriliuidiiitDenl 
duTBctcr  not  available  -^  Test  by  laperpoaitiiHi  ambignoni  —  ConTcnion  of  denn 
mamea  of  foaUiferona  itiBta  into  metamorphic  rocki — limatoiie  and  ihah  of 
Camn—MMamoqdiicHrata  of  older  date  tbao  the  Cambrian  focka—OlbM 
of  Lomr  Slmiaii  origin  —  Otbcn  of  ths  JniaMie  and  Eoccaie  ptaiodi  in  ibe 
Alps  of  Switaerland  and  Saroj — Whj  Karcelj  any  of  the  Tinble  arBalliiia 
strata  are  vei7  modem  —  Order  of  auccenioii  in  metamorphic  rocka — Cai- 
formi^  of  mineral  character  —  Whj  the  metamorpMc  strau  are  leae  cakareooi 
than  the  fbuilfcrotiB. 

A.CCOKDTS6  to  the  theory  adopted  in  the  last  chapter,  the  age  of  e«eh 
Bet  of  metamorphic  strata  is  twofold,  —  they  have  been  depoeited  at 
one  period,  they  have  become  ciystalline  at  another.  We  can  rarely 
hope  to  define  with  ezactnesa  the  date  of  both  these  periods,  the 
fossils  having  been  destroyed  by  plutonic  action,  and  the  mineral 
characters  being  the  same,  whatever  the  age.  Superpoeition  itself 
is  on  ambiguons  test,  especially  when  we  desire  to  detennine  Uie 
period  of  crystallization.  Suppose,  for  example,  we  are  convinced 
that  certain  metamorphic  strata  in  the  Alps,  which  are  covered  by 
cretaceous  beds,  are  altered  lias ;  this  lias  may  have  assumed  its 
crystalline  teitnre  in  the  cretaceous  or  in  some  tertiary  period,  the 
Eocene  for  example.  If  in  the  latter,  it  should  be  called  Eocene 
when  regarded  as  a  metamorphic  rock,  although  it  be  liasaic  when 
considered  in  reference  to  the  era  of  its  deposition.  According  to  this 
view,  the  superposition  of  chalk  does  not  prevent  the  subjacent 
metamorphic  rock  from  being  Eocene. 

When  dtscnssing  the  ages  of  the  plutonic  rocks,  we  bare  seen  that 
examples  occur  of  various  primary,  secondary,  and  tertiary  deposits 
converted  into  metamorphic  strata,  near  their  contact  with  granite. 
There  can  be  no  doubt  ia  these  cases  that  strata,  once  composed  of 
mud,  sand,  and  gravel,  or  of  clay,  marl,  asd  shelly  limeetone,  have 
for  the  distance  of  several  yards,  and  in  some  instAncea  several 
hnndred  feet,  been  turned  into  gneiss,  mica-schist,  hornblende-schist, 
chlorite-schist,  quartz  rock,  statuary  marble,  and  the  rest  (See  the 
two  preceding  Chapters.) 

But  when  the  metamorphic  action  has  operated  on  a  grander  scale, 
it  tends  entirely  to  destroy  all  monuments  of  the  date  of  its  develop- 
menL  It  may  be  easy  to  prove  the  identity  of  two  different  parts  of 
ihe  same  stratum ;  one,  where  the  rock  has  been  in  contact  with  a 
volcanic  or  plutonic  mass,  and  has  been  changed  into  marble  or 


,i^,Coo>^[e 


CkXZXVII.]  irORTEEBK  APlfinilMES.  619 

borablende-scUst,  and  fuother  not  fu-  cUBtsnt,  where  the  same  bed 
icoiaiiis  tmaltered  aod  fbsiiliferong ;  but  when  we  have  to  compare 
two  portions  of  amoantain  chun — the  one  metunorphic,  and  the 
other  nnalterad— all  the  laboor  and  skill  of  the  most  practised  ob- 
aerrerg  are  reqmmd,  a>d  may  sometiBies  be  at  fanlL  I  shall  men- 
tion one  or  two  examplee  of  alteration  on  a  grand  scales  in  order  to 
explain  to  the  stadent  the  kind  of  reasoning  hj  which  we  are  led  to 
infer  that  dense  mssses  of  fosalliferoue  strata  have  been  converted 
into  ctystalline  rocks, 

JNorthem  Ap^Knina — Carrara, — The  celebrated  marble  of  Car- 
rara, used  in  sculpture,  was  once  regarded  as  a  t^pe  of  prinutive 
limestone.  It  abounds  in  the  monnttuns  of  Msssa  Carrara,  or  the 
"  Apwui  Alps,"  as  they  have  bora  called,  the  highest  peaks  of  which 
are  nearij  6000  feet  high.  Its  great  uitiquitj  was  inferred  &om  ite 
mineral  teztnre,  from  the  absence  of  fossils,  and  its  passage  down- 
wards into  talc-schist  and  gametiferous  mica-Bchist;  these  rocks 
again  graduating  downwards  into  gneiss,  which  is  penetrated,  at 
Fomo,  hj  granite  Teins.  Now  the  researdtes  of  MM.  Savi,  Bon4, 
Fareto^  Guidoni,  De  la  Beche,  Hoffmann,  and  Filla  have  demon- 
strated that  this  marbH  onoe  snpposed  to  be  formed  before  the  ex- 
istence of  cM^anic  beings,  is,  in  fact,  an  altered  limestiMie  of  the  Oolitic 
period,  and  the  underlying  crystalline  schists  are  seoondary  sand- 
stones and  shal^  modified  by  plutonic  action.  In  order  to  establish 
these  conclusions,  it  was  first  pointed  out,  that  the  calcareous  rocks 
bordering  the  Gulf  of  Specia,  and  abounding  in  Oolitic  fossils, 
assume  a  texture  like  that  of  Carrara  marble,  in  proportion  as  they 
Are  more  and  more  invaded  by  certain  trappean  and  plutonic  rock^ 
aach  as  a  diorite,  euphotide,  serpentine,  and  granite,  occurring  in 
the  aaaie  country. 

It  was  then  obaerved  that,  in  places  where  the  aeoondary  forma- 
tions are  unaltered,  the  uppermost  conust  of  common  Apennine 
limestone  with  nodules  of  flint,  bdow  which  are  shaUs,  and  at  the 
base  of  all,  argillaceous  and  siliceous  sandstones.  In  the  limestone 
fosnls  are  frequent,  but  very  rare  in  the  underlying  shale  and  sand- 
stone. Then  a  gradation  vras  traced  laterally  &om  these  rocks  into 
anotlier  and  corresponding  series,  which  is  completely  metamorphic  ; 
for  at  the  top  of  this  we  find  a  white  granular  marble,  wholly  devoid 
of  fossils,  and  almost  without  etratihcacion,  in  which  there  are  no 
nodules  of  flint,  but  in  its  place  siUceons  matter  disseminated 
through  the  mass  in  the  form  of  prisms  of  quartz.  Below  this,  and 
in  place  of  the  shales,  are  talc-scbiBts,  jasper,  and  homstone ;  and  at 
the  bottom,  instead  of  the  siliceous  and  argillaceous  sandstonee,  are 
qnartrite  and  gneiss.*  Had  these  secondary  strata  of  the  Apennines 
undergone  nniversally  as  great  an  amount  of  transmutation,  it  would 
have  been  impossible  to  form  a  conjecture  respecting  their  true  age ; 
aod  then,  according  to  the  method  of  classification  adopted  by  the 

*  Bee  notieea  oF  Sivi,  HoStmuin,  aod  and  torn.  ilL  p.  xlir.  i  also  Fills,  died 
Wboi,  refened  to  faj  Boat,  BulL  de  la  t7Mnidusaii,QnarfcQBaLJoiinLTcd.v. 
8oc  GeoL  de  France,  tom.  v.  p.  StT.i      p.  S66. 
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earlier  geologiste  they  wonld  htve  ranked  m  primar)'  roclca.  In  dut 
caae  the  date  of  their  origin  would  have  been  thromi  back  to  an  era 
antecedent  to  the  deposition  c^  die  Lower  Silurian  or  Cambrian 
strata,  although  in  FaUitjr  they  were  formed  in  the  Oolitic  period, 
and  altered  at  some  subsequent  and  perhaps  mnch  later  epoch. 

Alpi  of  Smtssertand. — In  the  Alps,  analogous  conclusions  have 
been  drawn  respectdng  the  alteration  of  strata  on  a  still  more  ex- 
tended scale.  In  the  eastern  part  of  that  chain,  some  of  the  primary 
fossiliferous  strata,  as  weU  as  the  older  secondary  formations,  toge- 
ther with  the  oolitic  and  cretaceous  rocks,  are  distinctly  recc^iiahle. 
Tertiary  deposits  also  appear  in  a  lees  derated  position  on  the  fianks 
of  the  Eastern  Alps  ;  but  in  the  Central  or  Swiss  Alps,  the  primary 
fossiliferous  and  older  secondary  formations  disappear,  and  the  Cre- 
taceous, Oolitic,  Liassic,  and  at  some  points  even  the  Eocene  strata, 
graduate  insensibly  into  metamorphic  rocks,  consisting  of  graanlar 
limestone,  talc-schist,  talcose-gneiss,  micaceous  schist,  and  otber 
rarietjes.  Li  regard  to  the  age  of  this  vast  assemblage  of  crystalline 
strata,  we  can  merely  affirm  that  some  of  the  upper  porticms  are 
altered  newer  secondary,  and  some  of  them  even  Eocene  deposits ;  but 
we  cannot  aroid  suspecting  that  the  disappearance  both  of  the  older 
secondary  and  primary  fossiliferous  rocks  may  be  owing  to  their 
having  been  all  converted  in  the  same  region  into  crystalline  schist. 

It  is  difficult  to  convey  to  those  who  have  never  visited  the  Alps 
a  just  idea  of  the  various  proofs  which  concur  to  produce  this  con- 
viction. In  the  firat  place,  there  are  certain  r^ons  where  Oolitic, 
Cretaceous,  and  Eocene  strata  have  been  turned  into  granular  marUe, 
gneiss,  and  other  metamorphic  schists,  near  their  contact  with  gra- 
nite. This  fact  shows  undeniably  that  plutonic  canses  continoed  to 
be  in  operation  in  the  Alps  down  to  a  late  period,  even  after  the 
deposition  of  some  of  the  nummulitic  or  middle  Eocene  formatJons. 
Having  established  this  point,  we  are  the  more  mlling  to  believe 
that  many  interior  fossiliferons  rocks,  probably  exposed  for  longer 
periods  to  a  similar  action,  may  have  become  metamorphic  to  a  still 
greater  extent 

We  also  discover  in  parts  of  the  Swiss  Alps  dense  masses  vt 
secondary  and  even  tertiary  strata  which  have  assumed  that  semi- 
crystalline  texture  which  Werner  called  transition,  and  which  natD- 
rally  led  his  followers,  who  attached  great  importance  to  mineral 
characters  taken  alone,  to  class  them  as  transition  formations,  or  as 
groups  older  than  the  lowest  secondary  rocks.  (See  p.  93.^  Now, 
it  is  probable  that  these  strata  have  been  affected,  although  in  a  less 
intense  d^ree,  by  that  same  plutonic  action  which  has  entirely 
altered  and  rendered  metamorphic  so  many  of  the  subjacent  form- 
ations ;  for  in  the  Alps,  this  action  has  by  no  means  been  confined 
to  the  immediate  vicinity  of  granite.  Granite,  indeed,  and  other 
plutonic  rocks,  rarely  make  their  appearance  at  the  surface,  notwith- 
standing the  deep  ravines  which  lay  open  to  view  the  internal  stmc- 
tnre  of  these  mountains.  That  they  exist  below  at  no  great  depth 
we  cannot  doubt,  and  we  have  alrmdy  seen  (p.  574.)  that  at  aom 
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points,  as  in  the  Taloraine,  near  Mont  Blftac,  granite  and  granide 
veins  are  obseirable,  piercing  through  talcoae  gneiss,  vhicli  passes 
insensibly  npwards  into  secondary  strata. 

It  is  certainly  in  the  Alps  of  Switzerland  and  Savoy,  more  than  in 
any  other  district  in  Europe,  that  the  geologist  is  prepared  \o  meet 
'with  the  signs  of  an  intense  development  of  plulonic  action ;  for  here 
■we  find  the  most  stapendous  monuments  of  mechauical  violence,  by* 
which  strata  tboouods  of  feet  thick  have  been  bent,  folded,  and 
orertaraed.  (See  p.  58.)  It  is  here  that  marine  secondary  form- 
ations of  a  comparatively  modem  date,  such  as  the  Oolitic  and  Cre- 
taceous, have  been  upheaved  to  the  height  of  12,000,  and  some 
Eocene  strata  to  elevatjons  of  10,000  feet  above  tiie  level  of  the 
■ea ;  and  even  depodts  of  the  Miocene  era  have  been  rused  4000  or 
£000  feet,  so  as  to  rival  in  height  the  loftiest  mountains  in  Great 
Britain. 

If  the  reader  will  consnlt  the  works  of  many  eminent  geologists 
who  hare  explored  the  Alps,  especially  those  of  MM.  de  Beaamont, 
Studer,  Necker,  Bon^  and  Morchison,  he  will  learn  that  they  all 
ahare,  more  or  less  fully,  in  the  opinions  above  expressed.  It  has, 
indeed,  been  stated  by  MM.  Studer  and  Hugi,  that  there  are  com- 
plete alternations  on  a  large  scale  of  secondary  strata,  containing 
foesUa,  with  gneiss  and  other  rocks  of  a  perfectly  metamorphic  stmc- 
tore.  I  have  visited  some  of  the  most  remarkable  localities  referred 
to  by  these  anthers  ;  but  although  agreeing  with  them  that  there  are 
passages  from  the  fossiliferoas  to  the  metamorphic  series  &r  from  the 
contact  of  granite  or  other  platonic  rocks,  I  was  anable  to  convince 
myself  that  the  distinct  alternations  of  highly  crystalline,  with  nn- 
alterad  strata  above  alluded  to,  might  not  admit  of  a  different  expl^ 
nation.  In  one  of  the  sections  described  by  M.  Studer  in  the  highest 
of  the  Bernese  Alps,  namely  in  the  Roththal,  a  valley  bordering  the 
line  of  perpetual  snow  on  the  northern  side  of  the  Jung&au,  there 
occura  a  mass  of  gneiss  1000  feet  thick,  and  15,000  feet  long,  which 
I  examined,  not  only  resting  upon,  but  also  again  covered  by  strata 
containing  oolitic  fossiU.  These  anomalous  appearances  may  partly 
be  explained  by  soppOGing  great  solid  wedges  of  intmaiTe  gneiss  to 
have  been  forced  in  laterally  between  strata  to  which  I  found  them 
to  be  in  many  sections  unconformable.  The  superposition,  also,  of 
the  gneiss  to  the  oolite  may,  in  some  cases,  be  dne  to  a  reversal  of 
the  original  position  of  the  beds  in  a  region  where  the  convulsioDS 
have  been  on  so  stupendous  a  scale. 

On  the  Sattel  also,  at  the  base  of  the  Geetellihom,  above  Enzen, 
in  the  valley  of  TJrbach,  near  Meyiingen,  some  of  the  intercalations 
of  gneiss  between  fossiliferons  strata  may,  I  conceive,  be  ascribed 
to  mechanical  derangement.  Almost  any  hypothesis  of  repeated 
changes  of  position  may  be  resorted  to  in  a  region  of  such  extra- 
ordinary confusion.  The  secondary  strata  may  first  have  been 
vertical,  and  Ihea  certain  portions  may  have  become  metamorphic 
(the  plntonic  influence  ascending  from  below),  while  intervening 
ttnUk  remained  unchanged.    The  whole  series  of  beds  may  then 
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Bgftiii  have  been  tlmwn  into  K  neftrij  horisonttl  poatioii,  grring  rise 
to  the  auperposition  of  crTBtalliiie  npon  foeailiferous  ibmuttjaoa. 

It  TBS  remarked,  in  Chap.  XXXIV.,  that  aa  the  hTpogene  radu, 
both  Btraldfied  and  nnstratified,  crjatallue  osig^aU;^  '^  *  coliin 
depth  beneath  the  surface,  they  nuut  aiv»j»,  before  the;  aie  op- 
ined and  exposed  at  the  surface,  be  of  consideraUe  antiqaity,  reU- 
Hrety  to  a  large  portion  of  the  fbsaUferona  and  Tolcanic  rocks. 
They  may  be  fornmig  at  all  periods ;  but  before  any  of  them  can 
become  viable,  they  must  be  raised  above  the  level  of  the  ae^  and 
some  of  the  roclu  which  previously  concealed  then  mast  have  been 
removed  by  denudation. 

In  Canada  the  fbsnliferons  beds  of  the  Cambrian  fonnatim  repose 
unoonformably  on  gneiss,  vhioh  was  evidently  crystaUine  befiore  the 
deposition  of  the  Cambrian  (or  Fotadain)  sandstone.  In  AngUMa, 
as  was  before  remarked,  the  metamorphism  of  the  schists,  according 
to  the  observations  of  Professor  Bamsay,  took  place  during  the  Lower 
Silorian  period.  Coupling  these  conclustons  with  tiie  fact  Aat  a 
bypi^ene  texture  has  been  superijidnced  in  the  Alps  on  Uiddle 
Eocene  deposita  (see  p.  €06.),  vre  cannot  doubt  that,  hereafter,  geo- 
logists will  succeed  in  detecting  crystalline  schists  of  ahikoat  evnj 
age  in  the  chrooolt^csl  series,  although  the  quanti^  of  meta- 
morphic  rocks  visible  at  the  aurfkce  most,  for  reasons  above  ex- 
plained, diminish  rqudly  in  pr(^K>rtion  as  the  monntuents  of  newar 
eras  are  investigated. 

Order  of  tuceetnon  nt  metamorpkic  rocJu—Tbtm  is  no  anivenal 
and  invariable  order  of  superpotitaon  in  metamoTphie  rocks,  although 
a  particular  arrang^nent  may  prevail  throughout  countries  of  great 
extent,  for  the  some  reason  that  it  is  traceable  in  those  sedimentary 
formations  from  which  crystalline  strata  are  derived.  Thus,  Ei^ 
example,  we  have  seen  that  in  the  Apenninet^  near  Carrara,  the  de- 
scending series,  where  it  is  metamorphic,  ooosiBtB  o^  let,  saccharine 
marble ;  2ndly,  talcoae-schist ;  and  Srdly,  of  quartz-rook  and  gndss : 
where  unaltOTod,  <^  1st,  fossili&Tona  limestone ;  2ndly,  shale ;  aad 
Srdly,  sandstone. 

But  if  we  investigate  different  mountiun  chmns,  w«  find  gneiss, 
mica-schist,  hombLende-schiat,  chkuite-scbis^  hypogeas  limestone, 
and  other  rocks,  succoeding  each  other,  and  altEniating  with  each 
other  in  every  possible  order.  It  is,  indeed,  more  common  to  meet 
with  some  variety  of  clay-slate  forming  the  uppermost  menber  of  a 
metamorphic  series  than  any  other  rock ;  but  this  fact  by  no  means 
implies,  aa  some  have  imagined,  that  all  day-slates  were  fiirmed  at 
the  dose  of  on  imaginary  period,  when  the  deposition  of  the  crys- 
talline strata  gave  way  to  that  of  ordinary  sedimentary  deponts. 
Such  clay-slates,  in  fact,  are  variable  in  craiqMisitiou,  and  sometimes 
alternate  with  fossiliferous  strata,  so  that  they  may  be  said  to  belong 
almost  equally  to  the  sedimentary  and  metamorphic  order  of  rocks. 
It  is  probable  that  had  they  been  subjected  to  more  intense  ptntonie 
action,  they  would  have  been  transformed  into  hornblende-schist, 
foliated  chlorite-Bchist,   scaly  talcose-schist,   miea-schis^  or  other 


,i.,Coo>^[e 


CH.XXXyiL]  HIirERAL  CHAK1.CTBK  07  KTPOGEKB  BOCKB.  623 
more  per&ctl;  orTsUUme  roeka,  such  u  are  nraally  uioouted  with 
gneiss. 

Uniform^  of  ttUntnd  ekamettr  tn  Hypogene  roeka. — Humboldt 
hM  emphatiuU;  remvked,  th»t  when  we  pass  to  aaotber  hemi- 
apbere,  we  see  new  forms  of  animals  and  plants,  and  eren  new  coa* 
BtellatioDa  in  the  heavens ;  but  in  the  rocks  we  still  recognise  onr 
old  Boqu^tanoee, — the  same  granite,  the  same  gneidt,  the  same 
micacaoas  schist,  qoarts'rock,  and  the  rest  It  is  cmainlj  troe  that 
there  is  a  great  and  strikjng  guieral  resemblance  in  the  principal 
kinds  of  hypogene  rocks,  althongh  of  very  di^rent  agee  and 
conntriea ;  fant  it  has  been  shown  that  each  of  these  are^  in  fiwsl^ 
geological  familiea  of  rocks,  and  not  deflnite  minerd  campooDds. 
They  are  mach  more  nniform  in  aspect  than  sedimentary  strata, 
because  these  last  are  often  composed  of  fragments  raiTing  greatly 
in  tana,  size,  and  colour,  and  contain  foarils  of  di^rent  shapes  and 
mineral  composition,  and  acquire  a  Tarictjr  of  tints  frwn  the  mixture 
of  Tarions  kinds  of  sediment.  Hie  materials  of  snch  strata,  if 
melted  and  made  to  crystallico,  would  be  subject  to  cbemic^  laws, 
simple  and  nniform  in  their  action,  the  sanw  in  every  dimate,  and 
viKillj  undisturbed  by  mechanical  and  organic  canses. 

Nevertheless,  it  would  be  a  great  error  to  assume  tltat  the  hypo- 
gene  rocks,  considered  as  aggregates  of  simple  minerals,  are  really 
more  homogeneons  in  their  cfnipoeition  than  the  several  members  of 
the  sedimentary  series.  In  the  first  place,  different  assemblages'  of 
hypogeoe  rocks  occur  in  diKrent  coantries ;  and,  secondly,  in  any 
one  district,  the  rocks  which  pas*  nnder  the  same  name  are  often 
extremely  variable  in  their  component  ingredients,  or  at  least  in  the 
pvpOTtions  in  which  each  of  these  are  present  Thus,  for  example, 
gneiss  and  mica-schist,  so  abundant  in  the  (Grampians,  are  wanting 
in  Cumberland,  Wales,  and  Cornwall;  in  parts  of  the  Swiss  and 
Italian  Alps,  the  gneiss  and  granite  are  talcose,  and  not  micaceous, 
as  in  Scotland ;  hornblende  prevails  in  the  granite  of  Scotland — 
schorl  in  that  of  Oconwall — albito  in  the  plutonic  rocks  of  the 
Andes — common  felspar  in  those  of  Enn^  In  one  part  of  Scot- 
land, the  mica-schist  is  full  of  garnets;  in  another  it  is  wholly 
devoid  of  them ;  while  in  South  America,  according  to  Hr.  Darwin, 
it  is  the  gneiss,  and  not  the  mica-schist,  which  is  most  commonly 
gametiferons.  And  not  only  do  the  proportional  quantities  of 
fialspar,  quartz,  mica,  hornblende,  and  other  minerals,  vary  in  hypo- 
gene  rocks  bearing  the  same  name  ;  but  what  is  b^  more  important, 
the  ingredi^itB,  as  we  have  seen,  of  the  same  simple  mineral  are  not 
always  constant  (p.  467.,  and  taUe,  p.  105.). 

The  Metamorphic  ttrata,  why  lam  eaieareotu  dum  tkt  fotiUxferout. 
—It  has  been  remarked,  that  the  quanti^  of  calcareous  matter  in 
metamorphic  strata,  or,  indeed,  in  the  hypogene  formationB  generally, 
is  iitr  less  than  in  foasiliferous  deposits.  Thus  the  crystalline  schists 
of  the  GrrampiauB  in  Scotland,  consisting  of  gneiss,  mica-schist, 
'  hornblende -acbist,  and  other  rocks,  many  thoueands  of  yards  in 
thickness  ctrntain  an  exceedingly  small  proportion  of  interstratified 


,i^,Coo<^lc 


624  80ABCITT  or  LIME  [GI.XXXTII. 

caloreonB  beds,  although  these  have  been  the  objects  of  nrefol 
search  for  economical  purposes.  Yet  limestone  is  not  wanting  in  the 
Grrampians,  and  it  is  Bsaociat«d  sometimes  with  gneiss,  somrtiinea 
tfith  mica-Bchisti  and  in  other  places  with  oUtar  members  of  the 
metamorphic  series.  But  where  limestone  occurs  abnndaDtly,  as  at 
Carrara,  and  in  parts  of  the  Alps,  in  connection  with  fajpogene 
rocks,  it  ususUj  forme  one  of  the  superior  members  of  the  crjt- 
talline  group. 

The  scarcity,  then,  of  carbonate  of  lime  in  the  plntonic  and  meta- 
morphic  rocks  generally  seems  to  be  the  result  of  some  genervl  cooie. 
So  long  as  the  bypogene  rocks  were  believed  to  have  originated  ante- 
cedently to  the  creation  of  oi^;anic  bangs,  it  was  easy  to  impnte  the 
absence  of  lime  to  the  mm -existence  of  those  mollusca  and  soc^hytea 
by  which  shells  and  corals  are  secreted ;  but  when  we  ascribe  the 
crystalline  formations  to  platonic  action,  it  is  natural  to  inqoire 
whether  this  action  itself  may  not  tend  to  expel  carbonic  acid  and 
lime  friHU  the  materials  which  it  reduces  to  fasion  or  s^ni-fosion. 
Although  we  cannot  descend  into  the  subterranean  regions  when 
Ttdcaoie  heat  is  developed,  we  can  observe  in  regions  of  spent  vcd- 
canos,  such  as  Anvergne  and  Tuscany,  hundreds  of  springs,  both  cM 
and  thermal,  flowing  out  from  granite  and  other  rocks,  and  having 
their  waters  plentifully  chatted  with  carbonate  of  lime.  The  quan- 
tity of  calcareous  matter  which  these  springs  transfer,  in  the  coarse 
of  ages,  from  the  lower  parts  of  the  earth's  crust  to  the  superior  or 
newly  formed  parts  of  the  same,  must  be  considerable.* 

If  the  quantity  of  siliceous  and  aluminous  ingredients  brougbt  up 
by  such  springs  were  great,  instead  of  being  utterly  itudgniScant,  it 
might  be  contended  that  the  mineral  matter  thus  expelled  implies 
nmply  the  decomposition  of  ordinary  subterranean  rocks ;  but  the 
prodigioas  excess  of  carbonate  of  lime  over  every  other  element  must 
in  the  course  of  time,  cause  the  crust  of  the  earUi  below  to  be  almost 
entirely  deprived  of  its  calcareous  constituents,  while  we  know  that 
the  same  action  imparts  to  newer  deposits,  ever  forming  in  seas  and 
lakes,  an  excess  of  carbooate  of  lime.  Calcareous  matter  is  poured 
into  these  lakes  and  the  ocean  by  a  thousand  springs  and  rivers ;  so 
that  part  of  almost  every  new  calcareous  rock  chemically  precipitated, 
and  of  many  reefs  of  shelly  and  coralline  stone,  musit  be  derived  frun 
'  mineral  matter  subtracted  by  plutonio  agency,  and  driven  up  by  gai 
and  steam  from  fused  and  heated  rocks  in  the  bowels  of  the  earth. 

Not  only  carbonate  of  lime,  bat  also  free  carbonic  acid  gas  is  ginn 
off  plentifully  from  the  soil  and  crevices  of  rocks  in  regions  of  active 
and  spent  volcanos  as  near  Kaplea  and  in  Anvergne.  By  this  pro- 
cess, fossil  shells  or  corals  may  often  lose  their  carbonic  add,  and  the 
residual  lime  may  enter  into  the  composition  of  angite,  hornblende^ 
game^  and  other  hypogene  minerals.  That  the  removal  of  the  cal- 
careous matter  of  fossil  shells  b  of  frequent  occurrence,  ii  proved  by 
the  fact  of  such  organic  remains  being  often  replaced  by  silex  <v 

*  See  FiinciplN  of  Geology  by  the  Anlhtv,  Lvia,  "  Calcaraoikt  Springs.' 
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other  miDerala,  and  sometimea  hj  the  space  once  occu^ed  by  the 
foesil  being  left  emp^,  or  only  marked  by  a  faint  impregnon.  We 
ought  not  indeed  to  marvel  at  the  general  abaence  of  organic  re- 
mains from  the  crystalline  strata,  irben  we  bear  in  mind  how  often 
foeeils  are  obliterated,  wholly  <a  in  part,  even  is  tertiary  formatiooB 
— how  often  vast  massoa  of  sandstone  and  shale,  of  different  ages, 
andtiionsandsof  feet  thick,  are  devoid  of  fossils — how  certain  strata 
may  first  have  been  deprived  of  a  portion  of  their  fossils  when  they 
became  semi-crystalline,  or  assumed  the  trantition  state  of  Werner 
— and  how  the  remaining  portion  may  have  been  efiaeed  when  thej 
were  rendered  metAmorphic.  Bocks  of  the  last-mentioned  classy  more- 
over, have  eometimee  been  exposed  agebi  and  again  to  renewed  pin- 
tonic  action. 
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CHAPTER  XXXVra. 

lOKEBAJ.  TSnTB. 

Woner'*  HoeOiae  Ihit  mioenl  vdoa  were  Swiirai  filled  rrmn  afaore — Vcim  of 
■^regatioa — Ordiuar]'  meUUifsroiu  rum  or  lod«i — Hieir  freqneiit  ooiDridHieB 
Willi  bulla — Vrooh  that  thej  ori{pnM«d  in  Btiiira  in  Kdid  rock— -Veiiu  ihiftiiig 
other  TUDi — Poluhing  of  their  w>U>  or  "  alicken-«idei." — Shelli  and  peUdei  in 
lodea — Evidence  of  the  saccesaiTe  enlargement  »nd  reopening  of  reina^ — 
Foomet's  obaerrations  in  Aavergne  —  IKmenuong  of  Teini  —  Why  anne  alter- 
nately swell  ODt  and  contract — f  illiog  of  lodea  bj  anblimatian  boa  bdow — 
Chemical  and  electrical  action — BelatiTe  age  of  the  preeiotu  metala — Copper 
and  lead  reina  in  Ireland  older  than  Corniah  tin — Lead  vein  in  liaa,  Olamorgan- 
ahire — Gold  in  Bnaaia,  California,  and  Anatralia.  —  Counaction  of  hoc  aprii^ 
and  mineral  veina — Conclnding  remarka. 

Thb  maimer  in  which  metallic  subetanceB  are  distributed  through  the 
earth's  crust,  and  more  eapeciallj  the  pheuometut  of  those  nearlj 
rertical  and  tabular  masees  of  ore  called  mineral  veins,  from  which 
the  larger  part  of  the  precious  metals  used  by  man  are  ofotaiDed, — 
these  are  subjects  of  the  highest  practical  importance  to  the  miner, 
and  of  no  leas  theoretical  interest  to  the  geologist. 

The  views  entertiuned  respecting  metalliferous  veins  have  be«i 
modified,  or,  rather,  have  undei^one  an  almost  complete  revolntiofl, 
since  the  middle  of  the  last  century,  when  Werner,  as  director  of  the 
School  of  Mines,  at  Freiburg  in  Saxony,  first  attempted  to  generalise 
the  facts  then  known.  He  taught  that  mineral  veins  had  originally 
been  open  fissures  which  were  gradually  filled  up  with  crystalline 
and  metallic  matter,  and  that  many  of  them,  after  being  once  filled, 
had  been  again  enlarged  or  reopened.  He  also  pointed  out  that  veios 
thus  formed  are  not  all  referable  to  one  era,  but  are  of  various  geo- 
logical dates. 

Sach  opinions,  although  slightly  hinted  at  by  earlier  writergi,  had 
never  before  been  generally  received,  and  their  announcement  by  one 
of  high  authority  and  great  experience  constituted  an  era  in  the 
science.  Nevertheless,  I  have  shown,  when  tracing,  in  another  work, 
the  history  and  progress  of  geology,  that  Werner  was  far  behind  some 
of  his  predecessors  in  his  theory  of  the  volcanic  rocks,  and  less  en- 
lightened than  his  contemporary.  Dr.  Hntton,  in  his  speculations  as  to 
the  prigin  of  granite.*  According  to  him,  the  plutonic  formations,  as 
well  as  the  crystalline  schists,  were  substances  precipitated  &om  a 
chaotic  fluid  in  some  primeval  or  nascent  condition  of  the  planet; 


•  Priodples  of  Geolfigy,  chap,  iv. 
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and  the  metals,  therefore,  being  closely  connected  with  them,  had 
partaken,  according  to  him,  of  a  like  mjBterious  origio.  He  also 
held  that  the  tn^  rocke  were  aqneons  deposits,  and  that  dikes  of  por- 
phjry,  greenstone,  and  basalt,  were  flseares  filled  with  their  several 
ccmtents  from  atwve.  Hence  he  natarally  inferred  that  mineral  veins 
had  derived  their  component  materials  from-  an  incambent  ocean, 
rather  than  from  a  snbterranean  source  -,  that  these  materials  had 
been  first  dissolved  in  the  waters  above,  instead  of  having  risen  up 
hj  sublimation  &om  lakes  and  seas  of  igneous  matter  below. 

In  proportion  as  the  hypothesis  of  a  primeval  fluid,  or  "  chaotic 
menatxnnm,"  was  abandoned,  in  reference  to  the  plutonic  formations, 
and  when  all  geologists  had  come  to  be  of  one  mind  as  to  the  true 
relation  of  the  volcanic  and  trappean  rocks,  reasonable  hopes  began 
to  be  entertained  that  the  phenomena  of  mineral  veins  might  be 
expliuned  by  known  causes,  or  hy  chemical,  thermal,  and  electrical 
agency  still  at  work  in  the  interior  of  the  earth.  The  grounds  of 
this  oonclueion  will  be  better  understood  when  the  geological  facts 
brought  to  light  by  mining  operatious  have  been  described  and 
explained. 

Oh  different  kindt  of  mineral  veint. — Every  geologist  is  fami- 
liarly acquainted  with  those  veins  of  quartz  which  abound  in  hjpogene 
strata,  forming  lenticular  masses  of  limited  extent.  They  are  some- 
times observed,  also,  in  sandstones  and  shales.  Veins  of  carbonate 
of  lime  are  equaUy  common  in  fossiliferoug  rocks,  especially  in  lime- 
stones. Such  veins  appear  to  have  once  been  chinks  or  small  cavities, 
caused,  like  cracks  in  clay,  by  the  shrinking  of  the  mass,  which  has 
consolidated  from  a  fluid  state,  or  has  simply  contracted  its  dimensions 
in  passing  from  a  higher  to  a  lower  temperature.  Siliceous,  calca- 
reous, and  occBsionatly  metallic  matters  have  sometimes  found  their 
way  simultaneously  into  such  empty  spaces,  by  infiltration  from  the 
sorrounding  rocks,  or  by  segregation,  aa  it  is  often  termed.  Mixed 
with  hot  water  and  steam,  metalUc  ores  may  have  permeated  a  pasty 
matrix  until  they  reached  those  receptacles  formed  by  shrinkage,  and 
thus  gave  rise  to  that  irregular  assemblage  of  veins,  called  by  the 
Germans  a  "  stocknerk,"  in  allusion  to  the  different  floors  on  which 
the  mining  operations  are  in  such  cases  carried  on. 

The  more  ordinary  or  regular  veins  are  usually  worked  in  vertical 
shafts,  and  have  evidently  been  fissures  produced  by  mechanical 
violence.  They  traverse  all  kinds  of  rocks,  both  hypogene  and 
fiwsiliferouB,  and  extend  downwards  to  indefinite  or  unknown  depths. 
We  may  assume  that  they  correspond  with  such  rents  as  we  see 
CAUsed  from  time  to  time  by  the  shock  of  an  earthquake.  Metal- 
liferous veins,  referable  to  such  agency,  are  occasionally  a  few  inches 
wide,  but  more  commonly  3  or  4  feet.  They  hold  their  course  con- 
tinuously in  a  certain  prevailing  direction  for  mites  or  leagues, 
passing  through  rocks  varying  in  mineral  composition. 

That  ntetalUferou*  vein*  wereJUiuret. — As  some  intelligent  miners, 
after  aa  attentive  study  cf  metalliferona  veins,  have  been  unable  to 
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reconcile  many  of  their  chancteriatics  with  the  hjpothena  of  fisstma, 
I  sluUl  begin  hy  statiBg 
the  eridence  in  tt«  &- 
▼our.  The  most  striUaf 
fact  perh^w  which  eaa 
be  adduced  in  its  aa^ 
port  ii,  the  ooinddenoe 
of  a  conaiderabte  pro- 
portion of  mineral  reniu 
with/(»Z(t,  or  those  dis- 
locations of  rocks  whidi 
are  indisputably  doe  to 
mechanical  force,  as 
aboTeezplaiBed(p.61.^ 
There  are  even  prooft 
in  almost  erery  mining 
district  of  a  mcGessioa 
of  ftnlts,  by  which  the 
opposite  walls  of  r«its, 
now  the  receptaelea  of 
metalUo  aab«tanGcs,baTe 
sndbred  displaceoienL 
Thus,  for  example,  snp- 
pose  aa,  fig.  710.,  to  be 
a  tin  lode  in  ComwaQ, 
the  term  lode  beii^  ap- 
plied to  veins  o(»tain> 
ing  metallic  ores.  Tint 
lode,  raniiing  east  and 
west,  ii  a  yard  widi^ 
and  is  shifted  by  a 
copper  lode  (bb\  of 
similar  width. 
,  The  first  fisniTe  (aa) 
has  beea  filled  with 
Tsrioos  material*,  partiy 
of  chemical  c»igin,  sncli 
as  qnarti^  fluor-spar, 
peroxide  of  tin,  anlphnret  of  copper,  arsenical  pyrites,  bismuth,  and 
Bulphnret  of  nickel,  and  partly  of  mechanical  origin,  comprising  clay 
and  angular  Augments  or  detritus  of  the  intersected  rocks.  He 
plates  of  quarts  and  the  ores  are,  in  some  places,  parallel  to  tbe  ver- 
tical sides  or  walls  of  Uie  vein,  being  divided  from  each  other  by 
alternating  layers  of  cUy,  or  other  earthy  matter.  Occasionally  the 
metalltc  ores  are  disseminated  in  detached  masses  amcmg  the  vein- 
stones. 

It  is  clear  that^  after  the  gradual  in(n>dnetian  of  the  tin  and  other 
sobstMiceB,  the  second  rent  (6  6)  was  produced  by  aoother  fracture 
accompanied  by  a  displacement  of  tbe  rocks  along  the  plane  ot  b  k 
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This  new  openii^  was  then  filled  with  minerals,  some  of  them  re- 
eembling  those  ia  a  a,  u  flnor-spar  (or  fla&te  of  lime)  and  quarts ; 
others  difierent,  the  copper  being  plentiful  and  the  tin  wanting  or 
'  Tery  scarce. 

We  must  next  fluppose  the  shock  of  a  third  earthquake  to  occur, 
breaking  asoader  all  the  rooka  along  the  tine  e  e,  flg.  711.;  the 
flMure,  in  this  inetance,  being  oalj  6  inches  wide,  and  simply  filled 
with  clay,  derived,  probably,  from  the  friction  of  the  vaila  of  the 
lent,  or  partly,  perhaps,  washed  in  from  above.  This  new  move- 
inent  has  heaved  the  rock  in  such  a  manner  as  to  interrupt  the  con- 
tinuity of  the  copper  vein  (A  (),  and,  at  the  same  time,  to  shift  or 
heave  laterally  in  the  same  direction  a  portion  of  the  tin  vein  which 
bad  not  previously  been  broken. 

Again,  in  fig.  712.  we  see  evidence  of  a  fourth  fissure  {d  d),  also 
filled  with  clay,  which  has  cut  through  the  tin  vein  {a  a),  and  has 
lifted  it  slightly  upwards  towards  the  south.  The  vsrioas  changes 
here  represent^  are  not  ideal,  bat  are  exhibited  in  a  section  obtained 
in  working  an  old  Cornish  mine,  long  since  abandoned,  in  the  parish 
of  Kedruth,  called  Hnel  Feever,  and  described  both  by  Mr.  Williams 
and  Mj.  Came.*  The  principal  movement  here  referred  to,  or  that 
of  c  c,  fig.  712,,  extends  through  a  space  of  no  less  than  84  feet ;  but 
in  this,  as  in  the  case  of  the  other  three,  it  will  be  seen  that  the 
outline  of  the  coubtry  above,  d,  e,  h,  a,  &c,  or  the  geographical 
features  of  Cornwall,  are  not  afiected  by  any  of  the  dislocations,  a 
powerful  denuding  force  having  clearly  been  exerted  subsequently 
to  all  the  faults.  (See  above,  p.  69.)  It  is  commonly  said  in  Con- 
wall,  that  there  are  eight  distinct  systemB  of  veins  which  can  in  like 
manner  be  referred  to  as  many  successive  movements  or  firactures ; 
and  the  German  miners  of  the  Hartz  Mountains  speak  also  of  eight 
systems  of  veins,  referable  to  as  many  periods. 

Besides  the  proofs  of  mechanical  action  already  explained,  the 
opposite  walls  (^  veins  are  often  beautifally  polished,  as  if  glazed, 
and  are  not  unfreqoently  striated  or  scored  with  parallel  furrows  and 
ridges,  such  as  would  be  produced  by  the  continued  mbbing  togetlier 
of  surfaces  of  unequal  hu^ness.  These  smoothed  surfiKKS  resemble 
the  rocky  floor  over  which  a  glacier  has  passed  (see  fig.  p.  128). 
T^ey  are  common  even  in  cases  where  there  has  been  no  shift,  and 
occur  equally  in  non-metaUiferons  fissures.  They  are  called  by 
miners  "  slicken-sides,"  from  the  Gierman  tehliehten,  to  plane,  and  teiU, 
side.  It  is  supposed  that  the  lines  of  the  stria;  indicate  the  direction 
in  which  the  rocks  were  moved.  During  one  of  the  minor  earth- 
quakes in  Chili,  which  happened  about  the  year  1840,  and  was  de- 
scribed to  me  by  an  eye-witness,  the  brick  walla  of  a  building  were 
rent  vertically  in  several  places,  and  made  to  vibrate  for  several 
minutes  during  each  sbod^  after  which  they  remained  uninjured, 
and  without  any  opening,  although  the  line  of  each  crack  was  still 
visible.    When  all  movement  had  ceased,  there  were  seen  on  the 

■  OmL  Tnuii.  vol  It.  p.  ISS.;  Ttbiis.Boj.QmL  Society,  Cornwall,  voL  a  p.  90. 
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floor  of  the  house,  at  the  bottom  of  each  rent,  snuUI  beapa  of  fine 
brickdnst,  evidently  produced  by  trituration. 

In  some  of  the  veina  in  the  mountain  limestone  of  Derhysbire,  <xn^ 
tainipg  lead,  the  vein-stuff,  which  is  nearly  compact,  is  occarionallj 
traversed  by  what  may  be  called  a  vertical  crack  passing  down  the 
middle  of  the  vein.  The  two  faces  in  contact  are  slicken-ddee,  well 
polbhed  and  fluted,  and  sometimes  covered  by  a  thin  coating  of  lead- 
ore.  When  one  sideof  the  vein-stuff  is  removed,  the  other  side  cracks, 
especially  if  small  holes  be  made  in  il^  and  fragments  fly  off  with 
loud  explosions,  and  continue  to  do  so  for  some  days.  The  minM', 
availing  himself  of  this  circumstance,  makes  with  his  pick  small 
boles  about  6  inches  apart^  and  4  inches  deep,  and  on  his  return  in  a 
few  hours  flnds  every  part  ready  broken  to  his  band.*  These  pheno- 
mena and  their  causes  (probably  connected  with  electrical  action) 
seem  scarcely  to  have  attracted  the  notice  which  they  deserve. 

That  a  great  many  veins  communicated  originally  with  the  sarfkce 
of  the  country  above,  or  with  the  bed  of  the  sea,  is  proved  by  the 
occurrence  in  them  of  well-rouitded  pebbles,  agreeing  with  tboee  in 
superficial  allnyiums,  as  in  Auvergne  and  Saxony.  In  Bohemia 
such  pebbles  have  been  met  with  at  the  depth  of  180  fathoms.  In 
Cornwall,  Mr.  Cane  mentions  true  pebbles  of  quarts  and  elate  in  ■ 
tin  lode  of  the  Relistran  Mine,  at  the  depth  of  600  feet  below  the 
surface.  Thej  were  cemented  by  oxide  of  tin  Vmd  bisulphuret  of 
copper,  and  were  traced  over  a  space  more  than  12  feet  long  and  as 
many  widcf  Marine  fossil  shells,  also,  have  bem  found  at  great 
depths,  having  probably  been  engnlphed  daring  submarine  earth- 
quakes. Thus,  a  gryphffia  is  stated  by  M,  Virlet  to  have  been  met 
with  in  a  lead-mine  near  S^mur,  in  France,  and  a  madrepore  in  a 
compact  vein  of  cinnabar  in  Hungary.} 

When  different  sets  or  systems  of  veins  occur  in  the  same  oountiy, 
those  which  are  suppoeed  to  be  of  contemporaneous  origin,  and  which 
are  filled  with  the  same  kind  of  metals,  often  "■*■"*•""  a  general 
parallelism  of  direction.  Thus,  for  example,  both  the  tin  and  copper 
veins  in  Cornwall  rue  nearly  east  and  west,  while  the  lead-veins  run 
north  and  south ;  but  there  is  do  general  law  of  direction  common  to 
difl^rent  mining  districts.  The  poraUelism  of  the  veins  is  another 
reason  for  regu^ing  them  as  ordinary  flssuree,  for  we  observe  that 
contemporaneous  trap  dikes,  admitted  by  all  to  be  masses  of  melted 
matter  which  have  filled  rents,  are  often  parallel  Assuming,  Aen, 
that  veins  are  simply  fissures  in  which  chemical  and  mechanical 
deposits  have  occumdated,  we  may  next  consider  the  proofs  of  tlieir 
having  been  filled  gradually  and  often  dnring  successive  enlaige- 
ments.  I  have  already  spoken  of  parallel  layers  of  clay,  quarts  and 
ore.  Werner  himself  observed,  in  a  vein  near  Grersdorff,  in  Saxony, 
no  less  than  thirteen  beds  of  difierent  minerals,  arranged  with  the 
ntmost  regularity  on  each  side  of  the  central  layer.     This  layer  was 
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formed  of  two  beds  of  calcareouB  nptr,  which  bad  evidently  lined 
the  opposite  iralls  of  a  Tertical  cavity.  The  thirteeo  beda  followed 
each  other  in  correeponding  order,  cousiBting  of  flaor-epu,  heavy 
apv,  galena,  8k.  In  these  cases,  the  central  mass  haa  been  last 
formed,  and  the  two  plates  which  coat  the  outer  walls  of  the  rent 
on  each  side  are  the  oldest  of  alL  If  they  consist  of  crystalline  pre- 
cipitates, they  may  be  explained  by  supposing  the  fissure  to  have 
remained  unaltered  in  its  dimensions,  while  a  seriee  of  changes 
occurred  in  the  nature  of  the  solatioas  which  roee  ap  &om  below ; 
but  sach  a  mode  of  depoeition,  in  the  case  of  many  anccessive  and 
parallel  layers,  appears  to  be  excsptionaL 

If  a  veinstone  consist  of  crystalline  matter,  the  points  of  the 
crystals  are  always  tnnied  inwards,  or  towards  the  centre  of  the 
vein ;  in  other  words,  they  point  in  that  direction  where  there  was 
most  space  for  the  development  of  the  crystals.  Thus  each  new 
layer  receives  the  impression  of  the  crystals  of  the  preceding  layer, 
and  imprints  its  crystals  on  the  one  which  follows,  ontil  at  length 
the  whole  of  the  rein  is  filled :  the  two  layers  which  meet  dovetail 
the  points  of  their  crystals  the  one  into  the  other.  But  in  Cornwall, 
some  lodes  occur  where  the  vertical  plates,  or  eomht,  as  they  are 
there  called,  exhibit  cryatab  so  dovetailed  as  to  prove  that  the  same 
fissure  has  been  ofUn  enlarged.  Sir  H.  De  la  Beche  gives  the  fol- 
lowing carious  and  instructive  example  (fig,  713.)  from  a  copper-mine 


in  granite,  near  Redruth.*  Each  of  the  plates  or  combs  (a,  b,  e,  d, 
e,/)  are  double,  having  the  points  of  their  crystals  turned  inwards 
along  the  axia  of  the  comb.  The  aides  or  walls  (2,  3,  4,  5,  and  6) 
are  parted  by  a  thin  covering  of  ochreons  clay,  so  that  each  comb 
is  readily  separable  from  anodier  by  a  moderate  blow  of  the  hammer. 
The  breadth  of  each  represents  the  whole  width  of  the  fissure  at  six 
successive  periods,  and  the  outer  walls  of  the  vein,  where  the  first 
□arrow  rent  was  formed,  consisted  of  the  granitic  surfaces  1  and  7. 

A  somewhat  analogous  interpretation  is  applicable  to  numbers 
of  other  caaes,  where  clay,  sand,  or  angular  detritus  alternate  with 
ores  and  veinstones.  Thus,  we  may  imagine  the  sides  of  a  fissure  to 
be  encrusted  with  siliceous  matter,  as  Von  Buch  observed,  in  Lan- 
cerote,  the  walla  of  a  volcanic  crater  formed  in  1731  to  be  traversed 
by  an  open  rent  in  which  hot  vapours  had  deposited  hydrate  of 
■  QeoL  Rep.  on  Cornwall,  p.  340. 
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ulicB,  the  incmstation  nmtriy  exiaidiiig  to  the  middle,*  8«di  « 
vein  may  then  be  filled  with  clay  or  sand,  and  aAerwards  r»«peaed, 
the  new  rent  dividing  the  ai^illaoeona  deposit,  and  allowii^  a 
quautitj  of  rubbish  to  fall  down.  Tarions  metals  and  spars  may 
then  be  precipitated  &om  aqneona  solntiona  among  the  intentieeB  of 
this  heterogeneouE  mass. 

That  snch  changes  have  repeatecUy  occnrred,  is  deanoostraled  by 
occasional  cross-Teina,  implying  the  oUiqoe  fractore  of  previoiMhr 
formed  chemical  and  mechanical  deposits.  Thos,  fbr  example, 
M.  Poomet,  m  fais  description  of  some  minee  in  Anrergne  worked 
under  bis  superintendence,  observes  that  the  granite  of  that  conntry 
was  first  penetrated  by  veinfl  of  granite,  and  then  dislocated,  so  that 
open  rents  crossed  both  the  granite  and  the  graaitie  veins.  Into 
such  openings,  qoarti,  accompanied  by  sulphnrets  of  iron  and  ar- 
senical pyrites,  was  introduced.  Another  convalsion  dien  borst 
open  the  rocks  along  the  old  line  of  fracture,  and  the  first  set  of 
deposits  were  cracked  and  often  shattered,  so  that  the  new  rent  was 
filled,  not  only  with  angnlar  fragments  of  the  adjoining  rock^  bat 
with  pieces  of  the  older  veinstones.  Polished  and  striated  snrEacee 
on  the  ndes  or  in  the  contents  of  the  vein  also  attest  the  reali^  of 
diese  movements.  A  new  period  of  repose  then  ensned,  daring 
which  various  sniphurets  were  introdaoed,  together  with  homstooe 
qnartx,  by  which,  angular  fragments  of  the  older  quarts  befcwe 
mentioned  were  cemented  into  a  breccia.  This  period  was  fdlowcd 
by  other  dilatataous  of  the  some  veins,  and  other  sets  of  minersl 
deposits,  until,  at  last,  pebbles  of  the  basaltic  lavas  of  Anvergne, 
derived  from  superficial  alluviums,  prolMbly  of  Miocene  or  oldEr 
PUocene  dat«,  were  swept  into  the  veins.  I  have  not  apmx  to 
enumerate  all  the  changes  minutely  detailed  by  tIL  Foumet,  but 
tbey  are  valuable,  both  to  the  miner  and  geologist,  as  showing  how 
the  supposed  signs  of  violent  catastrophes  may  be  the  monnments, 
not  of  one  paroxysmal  shock,  but  of  reiterated  movements. 

Such  repeated  enlargement  and  re-opening  of  veins  might  have 
been  anticipated,  if  we  adopt  the  theory  of  fissures,  and  reflect  how 
few  of  them  have  ever  been  seslod  np  entirely,  and  that  a  country 
with  fissures  only  partially  filled  must  naturally  offer  much  feebla* 
resistance  along  the  old  lines  of  fracture  than  anywhere  els&  It  is 
quite  otherwise  in  the  case  of  dikes,  where  each  opening  has  been 
the  receptacle  of  one  continuous  and  homogeneous  mass  of  melted 
matter,  the  consolidation  of  which  has  taken  place  under  consi- 
derable  pressure.  Trappean  dikes  can  rarely  fail  to  strengthen  the 
rocks  at  the  points  where  before  they  were  weakest ;  and  if  the  np- 
beaying  force  is  again  exerted  in  the  same  direction,  the  crust  of  the 
earth  will  give  way  anywhere  rather  than  at  the  precise  points 
where  the  first  rents  were  produced. 

A  large  proportion  of  metalliferous  veins  hare  thmr  <^posite  waOs 
nearly  psraUel,  and  sometimes  over  a  wide  extent  of  coontiy.    ^lere 

*  Rrindploa,  ch.  xxviL  Sth  ed.  p.  4SS. 
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is  a  Ane  exunple  of  this  in  the  celebrated  vein  of  Andreuburg  in 
ibe  HartE,  wliich  hu  been  worked  for  a  deptli  of  500  jards  perpen- 
dieulailj,  and  200  horizontaUj,  letaining  ahnoBt  every  where  a 
width  of  3  feet.  Bat  m»ay  lodes  in  Cornwall  and  elsewhere  are 
eoctremely  variable  in  giie,  being  1  or  2  iDches  in  one  part,  and  then 
8  or  10  feet  in  another,  at  the  distance  of  a  few  fathom^  and  then 
^ain  narrowing  as  bettav.  Sach  alternate  swelling  and  conviction 
is  so  often  characteristic  as  to  require  explsaation.  The  walls  of 
fissures  in  general,  obserres  Sir  U.  De  la  Becbe,  are  rarely  perfect 
planes  throughout  their  entire  oouive,  nor  could  we  well  expect 
tbem  to  be  so,  nnce  they  conmionlT'  pass  through  rocks  of  unequal 
hardness. and  different  mineral  composition.  J£,  therefore,  the  op- 
posite ndes  of  such  irregular  fissures  slide  upon  each  other,  tiiat  is 
to  my,  if  there  be  a  &ult,  as  in  the  case  of  so  manj  mineral  veins, 
the  parallelism  of  the  eppeeite  walls  is  at  once  entirely  destroyed,  as 
wiU  be  readily  seen  by  studying  the  annexed  diagrams. 


FIS.T14. 


Let  a  b,  fig.  714.,  be  a  line  of  fracture  travening  a  rock,  and  let 
a  b,  fig,  716.,  represent  the  same  line.  Now,  if  we  cut  a  piece  of 
papra"  representing  this  line,  and  then  more  the  lower  portion  of 
this  cut  paper  sideways  from  a  to  a',  taking  care  that  tbe  two  pieces 
of  paper  still  tonch  each  otber  at  the  points  I,  2,  3,  4,  5,  we  obtun 
an  irregular  aperture  at  e,  and  isolated  cavities  %iddd,  and  when 
we  compare  such  figures  with  nature  we  find  that,  with  certain 
modifications,  they  represent  the  interior  of  faults  and  mineral  veins. 
I^  instead  of  sliding  the  cut  paper  to  the  right  hand,  we  move  the 
lower  part  towards  the  left,  about  the  same  distance  that  it  was 
previously  slid  to  the  right,  we  obtain  considerable  variation  in  the 
cavities  so  produced,  two  long  irregular  open  spaces,  ff,  fig.  716., 
being  then  formed.  This  will  serve  to  show  to  what  slight  cir- 
eumstances  considerable  variations  in  the  character  of  the  openings 
between  unevenly  fractured  surfaces  may  be  dae,  such  surfaces 
being  moved  upon  each  other,  so  as  to  have  numerous  points  of 
contact 

Most  lodes  are  perpendicular  to  the  horiion,  or  nearly  wo;  but 
some  of  Uiem  have  a  considerable  inclination  or  **  hade,"  as  it  is 
termed,  the  angles  of  dip  varying  from  15°  to  45°.  Tbe  course 
of  a  vein  is  frequently  very  stnught ;  but  if  tortuous,  it  is  found 
to  be  choked  up  with  clay,  stones,  and  pebbles,  at  points  where  it 
departs  moat  widely  from  rerticali^.    Henee  at  places,  such  as  a. 
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FicTiT.       ^S-   717.,   tlie    miner    oompbuBB    tliat    tha    ores   ue 

\'' nipped,"  or  greBtlj  rednoed  in  qnuitit7,  the  spam 
for  their  free  depooition  hsving  been  interfered  with  in 
consequence  of  the  pre-occapancj  of  the  lode  hj  ewthj 
mftteiials.  When  lodee  we  nuuiy  fathirau  wide,  they 
■re  QBoally  flUed  for  the  most  parbwith  eftrthj'  matter, 
and  fragments  of  rock,  thiongh  which  the  orea  an 
much  disseminated.  The  meUllic  Bubstanoea  frequently 
coat  or  endrde  detached  pieces  of  rock,  which  oor 
miners  call  "horses"  or  "riders."  Thatwe  should  find 
some  mineral  todb  which  split  into  branches  is  sImi 
nataral,  for  we  observe  the  same  in  regard  to  open  fissures. 

Chemieal  depotUg  in  veint.  — If  we  now  torn  from  the  mechanical 
to  the  obemic^  agencies  which  have  been  instrumental  in  the  pro- 
duction of  mineral  veins,  it  may  be  remarked  that  those  parts  of 
fissures  which  were  not  choked  up  with  the  rains  of  fractured  rocks 
must  alwajs  have  been  filled  with  water ;  and  almost  every  vein  has 
probably  been  the  chionel  hj  which  hot  springs,  so  common  in 
countries  of  volcanos  and  earthquakes,  have  made  their  waj  to  the 
surface.  For  we  know  that  the  rents  in  which  ores  abound  extend 
downwards  to  v»t  depths,  where  the  temperature  of  the  interior  of 
the  earth  is  more  elevated.  We  also  know  that  mineral  veins  are 
most  metalliferous  near  the  contact  of  plutonic  and  stratified  for- 
mationa,  especially  where  the  former  send  veins  into  the  latter,  a 
circumstance  which  indicates  an  original  proximity  of  veins  at  thdr 
interior  extremity  to  igneous  and  heated  rocka.  It  b  moreover  ac- 
knowledged that  even  those  mineral  and  thermal  springs  which,  in 
the  present  state  of  the  globe,  are  far  from  volcanos,  are  neverthe- 
less observed  to  burst  out  along  great  lines  of  upheaval  and  dislo- 
cation of  rocks.*  It  is  also  ascertained  that  all  the  substances  with 
which  hot  springs  are  impregnated  agree  with  those  discharged  in  a 
gaseous  form  from  volcanos.  Many  of  these  bodies  occur  as  vein- 
Btonea ;  such  as  silex,  carbonate  of  lime,  sulphur,  fluor-spar,  sulphate 
of  barytes,  magnesia,  oxide  of  iron,  and  others.  I  may  add  that,  if 
veins  have  been  filled  with  gaseous  emanations  from  masses  of 
melted  matter,  slowly  cooling  in  the  subterranean  regions,  the  con- 
traction of  such  masses  as  tbey  pass  from  a  plastic  to  a  solid  state 
would,  according  to  the  experiments  of  Deville  on  granite  (a  rock 
which  may  be  taken  as  a  standard),  produce  a  redaction  in  volume 
amountiog  to  10  per  cent.  The  slow  crystallisation,  therefore,  of 
such  plutonic  rocks  supplies  as  with  a  force  not  only  capable  of 
rending  open  the  incumbent  rocks  by  causing  a  failure  of  support, 
but  also  of  giving  rise  to  faults  whenever  one  portion  of  the  earth's 
crust  subsides  slowly  while  another  condgnous  to  it  happens  to  rest 
on  a  different  foundation,  so  as  to  remain  unmoved. 

Although  we  are  led  to  infer,  from  the  foregoing  reasoning,  that 
there  baa  oflen  been  an  intimate  connection  between  metalliferous 

■  Sss  Dr.  Danbesy's  Ttdcanos. 
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veins  aod  hot  spriiiga  holding  minerml  matter  in  solution,  yet  we 
must  not  on  that  accoant  expect  that  the  contents  of  hot  springs  and 
mineral  Teins  would  be  identical  On  the  contnrj,  M.  £.  de  Bean- 
mont  has  jndicionflly  obaerved  that  we  ought  to  find  in  veins  thoae 
enbatancee  wluch,  bdng  least  soluble,  are  not  discha^ed  hj  hot 
springs — or  that  class  of  simple  and  compound  bodies  which  the 
^rmal  watna  ascending  irom  below  would  flret  precipiMte  od  the 
.walls  of  a  fissure,  as  soon  as  their  temperature  b^an  slightly  to 
.limiwigti  The  higher  they  mount  towards  the  surface^  the  more 
will  they  cool,  tiU  they  acquire  the  average  temperature  of  springB, 
being  in  that  case  chiefly  charged  with  the  most  soluble  substances, 
each  as  the  alkalis,  soda  and  potash.  These  are  not  met  with  in 
veins,  although  they  enter  so  lugely  into  the  composition  of  granitic 
rocks.* 

To  a  certain  extent,  therefore,  the  arrangement  and  distribution  of 
metallic  matter  in  veins  may  be  referred  to  ordinary  chemical  action, 
or  to  those  variations  in  temperature,  which  waters  holding  the  ores 
in  solution  must  undei^o,  as  they  rise  upwarda  from  great  depths  in 
the  earth.  But  there  are  other  phenomena  which  do  not  admit  of 
the  same  simple  explanation.  Thus,  for  example,  in  Derbyshire, 
veins  containing  ores  of  lead,  zinc,  and  copper,  but  chiefly  lead, 
^averse  alternate  beds  of  limestone  and  greenstone.  The  ore  is 
plfflitifnl  wh^e  the  walls  of  the  rent  consist  of  limestone,  but  is 
reduced  to  a  mere  string  when  they  are  formed  of  greenstone,  or 
"toad-stone,"  as  it  is  called  provincially.  Not  that  the  original 
flssnre  is  narrower  where  the  greenstone  occurs,  but  because  more 
of  the  space  is  there  filled  with  veinstonee,  and  the  waters  at  such 
points  have  not  parted  so  freely  with  their  metallic  contents. 

"  Lodes  in  Cornwall,"  says  Mr.  Robert  W.  Fox,  "  are  very  much 
influenced  in  their  metallic  riches  by  the  nature  of  the  rock  which 
tbey  traverse  and  they  often  change  in  this  respect  very  suddenly, 
in  psseii^  bom  one  rock  to  another.  Thus  many  lodes  which  yield 
abundance  of  ore  in  granite,  are  unproductive  in  clay- slate,  or  kiUas, 
and  vice  vertA.  The  same  observation  applies  to  killss  and  the 
granitic  porphyry  called  elvan.  Sometimes,  in  the  same  continuons 
vein,  the  granite  will  contain  copper,  and  the  killas  tin,  or  vice 
vena."  I  Mr.  Fox,  after  ascertaining  the  existence  at  present  of 
electric  currents  is  some  of  the  metalliferous  veins  in  Cornwall,  has 
speculated  on  the  probability  of  the  same  cause  having  acted  origin- 
ally on  the  sulphurets  and  muriates  of  copper,  tin,  iron,  and  zinc, 
dissolved  in  the  hot  water  of  fissures,  so  as  to  determine  the  peculiar 
mode  of  their  distribution.  After  instituting  experiments  on  this 
subject,  he  even  endeavoured  to  account  for  the  prevalence  of  an 
east  and  west  direction  in  the  principal  Cornish  lodes  by  their  posi- 
tion at  right  angles  to  the  earth's  magnetism ;  but  Ur.  Kenwood 
and  other  experienced  miners  have  pointed  out  objections  to  the 
theory ;  and  it  must  be  owned  that  the  direction  of  veins  in  difibient 

•  BuSetii],  ir.  p.  1278.  t  ^  W-  ^'^  o°  Hiaenl  Ytina,  p,  10. 
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miiiiiig  districts  varies  so  entiielj  that  it  nemi  to  depend  on  Uitca  of 
fracture,  ratlter  than  on  the  Uws  of  Toltaic  electricitj.  Neverthe- 
less, u  different  kinds  of  rock  would  be  <^n  in  difierent  electrical 
conditions,  we  niay  readilj  believe  that  electricitjr  must  often  govern 
die  arrangement  of  metallic  precipitates  in  a  rent 

"  I  have  obeerred,"  sa^s  Mx.  R.  Fox,  "  that  what  die  chloride  at 
tin  in  solution  is  pkced  in  the  voltuc  circuit,  part  of  the  tiio  is  de- 
posited in  a  swtallic  state  at  the  negative  pole,  and  part  at  the  poative 
one,  in  the  state  of  a  peroxide,  such  as  it  occurs  in  onr  Cornish 
mines.  Hiis  experiment  may  serve  to  explain  whj  tin  is  found  ocw- 
tignous  to,  and  intermixed  wiUt,  copper  or^  and  likewise  separalad 
from  it,  in  other  parts  of  the  same  lode."  * 

Selalive  age  of  the  different  melal*. — AStei  duly  reflecting  on  the 
facts  above  described,  we  cannot  doubt  that  mineral  veins,  like  erup- 
tions of  granite  or  trap,  are  referable  to  many  distinct  periods  of  the 
earth's  history,  although  it  may  be  more  difficult  to  determine  the 
precise  age  of  veins ;  because  tbey  have  often  remained  open  for 
age^  and  because,  as  we  have  seen,  the  same  fissnre,  after  having 
been  once  filled,  has  frequently  been  re-opeued  or  enlarged.  But 
besides  tbis  diversity  of  age,  it  has  been  supposed  by  some  geologists 
that  certain  metals  have  been  produced  exclusively  in  earlier,  others 
in  more  modem  times, — that  tin,  for  example,  is  of  higher  antiqui^ 
than  copper,  copper  than  lead  or  silver,  and  all  of  them  more  ancient 
than  gold.  I  shall  first  point  out  that  the  facts  <nice  relied  upon  in 
support  of  some  of  these  views  are  contradicted  by  later  experience, 
and  then  oonsider  how  far  any  chronol<f;ieal  <H-der  of  arrangement 
can  be  recognised  in  the  position  of  the  precious  and  other  metab  in 
the  earth's  cmsi. 

In  the  first  places  it  is  not  true  that  veins  in  which  tin  abounds 
ard  the  oldest  lodes  worked  in  G-reat  Britain.  The  government  sur- 
vey of  Ireland  has  demonstrated,  that  in  Wexford  veins  of  copper 
and  lead  (the  latter  as  nsttal  being  aigentiferous)  are  much  older 
than  the  tia  of  CcrnwaU.  In  each  of  the  two  countries  a  vwy 
similar  series  of  geological  changes  has  occurred  at  two  distinct 
epochs, — in  Wexford,  before  the  Devonian  strata  were  deposited ; 
in  Cornwall,  after  the  carboniferous  epoch.  To  begin  with  the  Irish 
mining  district :  We  have  gruiite  in  Wexford,  traversed  by  granite 
veins,  which  veins  also  intrude  themselves  into  the  Silurian  strata, 
the  same  Silurian  rocks  as  well  as  the  veins  having  been  denuded 
before  the  Devonian  beds  were  superimposed.  Next  we  find,  in  tbe 
same  county,  that  elvans,  or  straight  dikes  of  porphyritic  granite, 
have  cut  through  the  granite  and  the  veins  before  mentioned,  bat 
have  not  penetrated  the  Devonian  rocks.  Subsequently  to  these 
elvans,  veins  of  copper  and  lead  were  produced,  being  of  a  date  cer- 
tainly posterior  to  the  Silurian,  and  anterior  to  the  Devonian ;  for 
they  do  not  enter  the  latter,  and,  what  is  still  more  decisive,  streaks 
or  layers  of  derivative  copper  have  been  found  near  Wexfi>rd  in  tite 

*  B.  W.  Fox  on  IGnenl  Veini,  p.  SB. 
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DoTonimn,  not  far  &om  points  where  mines  of  copper  are  worked  in 
the  SUanan  strata.* 

Although  the  precise  age  of  ench  copper  lodes  cannot  b?  defined, 
wemay  safely  affirm  that  they  were  either  filled  at  the  cloM  of  the 
Sihuian  or  commencement  of  thS  Devoniaii  period.  Besides  copper, 
lead,  and  silver,  there  is  sbrae  gold  in  these  ancient  or  primarj 
metalliferous  Teins.  A  few  fragments  also  of  tin  found  in  WicUow 
in  the  drift  are  supposed  to  have  been  derived  from  veins  of  the 
mme  age.'^ ' 

Next,  if  we  turn  to  Cornwall,  we  find  there  also  the  monuments 
of  a  Tory  anslogons  sequence  of  events,  first  the  granite  was 
formed ;  then,  about  the  same  period,  veins  of  fine-gr^ed  granite, 
often  tortnons  (see  fig.  692.,  p.  574.),  penetrating  both  the  eater  crust 
of  granite  and  the  a^oining  fossitifbrous  or  primary  rocks,  including 
the  eoal-meaauree ;  thirdly,  etvans,  holding  their  course  straight 
through  granite,  granitic  veins,  and  fossiliferons  slatee ;  fourthly, 
veins  of  tin  also  containing  copper,  the  first  of  those  eight  systems 
of  fissures  of  difierent  i^es  already  alladed  to,  p.  629.  Here,  then, 
the  tin  lodes  are  newer  than  the  elvans.  It  has  indeed  been  stated 
by  some  Cornish  miners  that  the  elvans  are  in  seme  few  instances 
posterior  to  the  oldest  tin-bearing  lodes,  but  the  observations  of  Sir 
H.  de  la  Beche  during  the  survey  led  hfm  to  an  opposite  conclnsion, 
and  he  has  shown  how  the  cases  referred  to  in  corroboration  can 
be  otherwise  interpreted.}  We  may,  therefore,  assert  that  the  moot 
andent  Coraiah  lodes  are  younger  than  the  coal-measures  of  that 
part  of  England,  and  it  foUows  that  they  are  of  a  much  later  date 
than  the  Irish  copper  and  lead  of  Wexford  and  some  adjcnoiog 
counties.  How  much  later,  it  is  not  so  easy  to  declare,  although 
jnvbably  they  are  not  newer  than  the  banning  of  the  Permian 
period,  as  no  tin  lodes  have  been  discovered  in  any  red  sandstone 
of  the  Foikilitic  group,  which  overlies  the  coal  in  the  soutii-west  of 
England. 

There  are  lead  veins  in  the  Mendip  hills  which  extend  through 
the  mountain  limestone  into  the  Permian  or  Dolomitic  conglomerate^ 
and  others  in  Glamorganshire  which  enter  the  lias.  Those  worked 
near  Frome,  in  Somersetshire,  have  been  traced  into  the  Inferior 
OoUte.  In  Bohemia,  the  rich  veins  of  silver  of  Joachimsthal  cot 
through  basalt  containing  olivine,  which  overlies  tertiary  lignite,  in 
which  are  leaves  of  dicotyledonous  trees.  This  silver,  therefore,  is 
decidedly  a  tertiary  formation.  In  regard  to  the  age  of  the  gold  of 
the  Ural  Hoaotains,  in  Russia,  which,  like  that  of  California,  is  ob- 
tained chiefly  irom  anriferona  allnvinro,  it  occurs  ia  veins  of  quartz 
in  the  schistose  and  granitic  rocks  of  that  chain,  and  is  snpposed  by 
MM.  MnrcluBon,  De  Temeuil,  and  Eeyserling  to  .be  newer  than  the 
syenitie  gruute  of  the  Ural — perhaps  of  tertiary  date.     They  ob- 

■lamindibtodtaarBuDelaBeche         t  BirH.  DelaBecbe,  HS.  notes  on 
tor  diitiiiforination.    See  kJaomapsaiid      Liih  Sutt^. 
■BCthnu  of  Iiuh  Surrey.  t  SefK«t  mi  Oeolt^  of  Cornwall, 
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serve,  tbat  no  gold  hu  jet  been  found  in  tlieFermivi  congloinerfttc* 
which  lie  at  the  base  of  the  Ural  Mountains,  although  large  qnantitka 
of  iron  and  copper  detritus  are  mixed  with  the  pebbles  of  thoae 
Permian  strata.  Hence  it  seenu  that  the  TTralian  qnartz  veina,  coa- 
taining  gold  and  platinnni,  were  n(A  formed  or  certainly  not  expoaed 
to  aqueous  denudation  during  the  Permian  era. 

In  the  auriferouB  olluyium  of  BuBsia,  California,  and  Australia  tbe 
bones  of  extinct  land-qnadmpeda  have  been  met  with,  those  of  tbe 
mammoth  being  common  in  the  gravel  at  the  foot  of  the  Ural  Moun- 
tains, while  in  Australia  they  consist  of  huge  marsupials,  some  of  them 
of  the  size  of  the  rhinoceros  and  allied  to  the  living  wombat,  Thej 
belong  to  the  genera  Diprotodon  and  Nototherium  of  Professor  Owen. 
The  gold  of  Northern  Chili  is  associated  in  the  mines  of  Los  Homos 
with  copper  pyrites,  in  veins  traversing  the  cretaceo-oolitic  fonn»- 
tions,  so  called  because  its  fossils  have  the  character  partly  of  the 
cretaceous  and  partly  of  the  oolitic  fauna  of  Europe.*  The  gold 
found  in  the  United  States,  in  the  mountainous  parts  of  Virginia, 
Korth  and  South  Carolina,  and  Greorgia  occurs  in  metamorphic  ^n- 
rian  strata,  as  well  as  in  auriferous  gravel  derived  from  the  same. 

Gold  has  now  been  detected  in  almost  every  kind  of  rock,  in  slate, 
quartsite,  sandstone,  limestone,  gruiite,  and  serpentine,  both  in  veina 
and  in  the  rocks  themselves  at  short  distances  from  the  veins.  In  Ans- 
tealia  it  has  been  worked  successfolly  not  only  in  allnvium,  bat  in 
veinstones  in  tbe  native  rock,  generally  consisting  of  Silurian  shalea 
and  slates.  It  has  been  traced  on  that  continent,  over  more  than 
uine  degrees  of  latitude  (between  the  paralleb  of  the  80°  and  39°  S.^ 
and  over  twelve  of  Icmgitude,  and  yields  already  an  annual  supply 
equal,  if  not  superior,  to  that  of  California ;  nor  is  there  any 
apparent  prospect  of  this  supply  diminishing,  still  leas  of  the  ex- 
haoGtion  of  the  gold  fields.  It  seems  reasonable,  therefore^  to  share 
Uie  anticipations  of  M.  Delesse  that  the  time  will  com^  and  cannot 
be  very  remote,  when  a  marked  .depreciation  will  be  experienced  in 
the  value  of  this  metalf 

It  has  been  remarked  by  M.  de  Beaumont,  that  lead  and  some 
other  metals  are  found  in  dikes  of  basalt  and  greenstone,  as  well  as 
in  mineral  veins  connected  with  trap  rocks,  whereas  tin  is  met  with 
in  granite  and  in  veins  associated  with  the  granitic  series.  If  thia 
rule  hold  true  generally,  the  geological  position  of  tin  in  localities 
accessible  to  tlie  miners  will  belong,  for  the  most  part^  to  rocks  older 
than  those  bearing  lead.  The  tin  reins  will  be  of  higher  idative 
antiquity  for  the  same  reason  that  the  "  underlying  "  igneous  for- 
mations or  granites  which  are  visible  to  man  are  older,  on  the  wht^ 
than  the  overlying  or  trappeaa  formations. 

If  different  sets  of  fissure^  originating  simidtaneously  at  different 
levels  in  the  earth's  crust,  and  oommnnicatiiig,  some  of  Ihtaa  with 
volcanic,  others  with  heated  plotoaic  masses,  be  filled  with  different 

*  I>Hwiii'«  &  America,  p.  SOT.,  &c 
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metals,  it  wiQ  follow  that  thoae  formed  farthest  from  the  surface  will 
nsuallj  require  the  longest  time  before  tbey  can  be  exposed  sui>w- 
flcially.  it  order  to  bring  them  into  view,  or  within  reach  of  the 
miner,  a  greater  amount  of  nphearal  and  denadation  mast  take  place 
in  proportion  as  thej  hare  lain  deeper  when  first  moved.  A  con- 
mderable  series  of  geological  revolutions  must  interrene  before  an; 
part  of  the  fissure,  which  has  been  fbr  i^es  in  the  proxitnily  of  the 
plutonic  rocks,  so  as  to  receive  the  gases  discharged  from  it  when  it 
was  cooling,  can  emei^  into  the  atmosphere.  Bat  I  need  not  enlarge 
on  this  subject,  as  the  reader  will  remember  what  was  said  in  the 
80th,  34th,  and  3?th  chapters,  on  the  chronology  of  the  vcdoanic  and 
hjpogene  formations. 


Coneludmg  Remarki.  — The  theory  of  the  origin  of  the  hypogene 
rocks,  at  a  variety  of  successive  periods,  as  expounded  in  two  of  the 
chapters  just  cited,  and  still  more  the  doctrine  that  sach  rocks  may 
be  now  in  the  daily  course  of  formation,  has  made  and  still  makes  its 
way,  but  slowly,  into  favour.  The  disinclination  to  embrace  it  has 
arisen  partly  from  an  inherent  obscurity  in  the  very  nature  of  the 
evidence  of  plutonic  action  when  developed  on  a  great  scale,  at  par- 
ticular periods.  It  has  also  sprung,  in  some  degree,  from  extrinsic 
considerations ;  many  geologists  having  been  unwilling  to  believe  the 
doctrine  of  transmutation  of  fossiliferous  into  crystalline  rocks, 
because  they  were  desirous  of  finding  proob  of  a  beginoing,  and  of 
tracing  back  the  history  of  our  terraqueous  system  to  times  anterior 
to  the  creation  of  organic  beings.  But  if  these  expectations  have  been 
disappointed,  if  we  have  found  it  impossible  to  assign  a  limit  to  that 
time  throughout  which  it  has  pleased  an  Omnipotent  and  Eternal 
Being  to  manifest  his  creative  power,  we  have  at  least  succeeded 
beyond  all  hope  in  carrying  back  our  researches  to  times  antecedent 
to  the  existence  of  man.  We  can  prove  that  man  had  a  beginning, 
and  that,  all  the  species  now  contemporary  with  man,  and  many  others 
which  preceded,  had  also  a  beginning,  and  that,  consequently,  the 
present  state  of  the  organic  world  has  not  gone  on  from  all  eternity, 
as  some  philosophers  have  maintained. 

It  can  be  shown  that  the  earth's  surface  has  been  remodelled  again 
and  again  ;  mountain  chuns  have  been  raised  or  sunk ;  valleys  formed, 
filled  up,  and  then  re-excavated ;  sea  and  land  have  changed  places ; 
yet  throughout  all  these  revolutions,  and  the  consequent  alterations  of 
local  and  general  climate,  animal  and  vegetable  life  has  been  sus- 
tuned.  This  has  been  accomplished  without  violation  of  the  laws 
now  governing  the  organic  creation,  by  which  limits  are  assigned  to 
the  variability  of  species.  The  succession  of  living  beings  appears 
to  have  been  continued  not  by  the  transmutation  of  species,  but  by 
the  introduction  into  the  earth  from  time  to  time  of  new  plants  and 
animals,  and  each  assemblage  of  new  species  must  have  been  ad- 
mirably fitted  for  the  new  states  of  the  globe  as  they  arose,  of  they 
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woald  not  bave  inereMod  and  multiplied  and  endured  for  indefinhe 
perioda.* 

Astronomy  has  been  unable  to  establish  the  jdnnlitj  of  habitable 
worlds  thronghont  space,  however  favoorite  a  snl^ect  of  conjecture 
and  speculation  ;  bat  geologj,  altbongh  it  cannot  prore  tliat  other 
planets  are  peoided  with  appropriate  raoea  of  living  beings,  has  de- 
monstrated the  truth  of  conclneionB  scarcelj  tees  wonderfhl, — dw 
existence  on  oar  own  planet  of  so  manj  habitable  snrfacea,  or  worida 
as  the^  have  been  called,  each  distinct  in  tame,  and  peopled  with  its 
peculiar  races  of  aquatic  and  terrestrial  beings. 

The  prooft  now  acciimalated  of  ihe  cloae  analogy  between  exthwt 
and  recent  species  are  such  as  to  leave  no  donbt  on  the  mind  that 
the  same  harmony  of  parts  and  beau^  of  contriv&nce  which  we 
admire  in  the  living  creation  has  equally  characterised  the  organic 
world  at  remote  periods.  Thus  as  we  increase  our  knowledge  of  the 
inexhanstibie  variety  displayed  in  hviag  nature,  and  admire  tl»  in- 
finite wisdom  and  power  which  it  displays,  our  admiration  is  multi- 
plied by  the  reflection,  that  it  is  only  the  last  of  a  great  series  of  pre- 
existing creati<M)s,  of  which  we  cannot  estimate  the  number  or  limit 
in  times  past'^ 
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